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(54) SULFONAMIDE DERIVATIVES 

(57) [Object] 

The object is to provide a compound having matrixmetalloproteinase-1 3 inhibitory activity and aglycanase inhibi- 
tory activity. 

[Solution] 

A compound of the following formula (I) or a pharmacologically acceptable salt, ester or other derivative thereof: 



R 5 -0-R 4 -S0 2 -N— ( 
r R 2 



(0 



Tl (R 1 : H, NHOH; R 2 : H, optionally substituted alkyl, cycloalkyl. a group -AR 6 [A: an alkylene which may be optionally 

^ interrupted by 0,-S(0)m- or -N(R 9 );R 6 : a group (II). (Ill), (IV) 

O 
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(II) ("I) (IV) 



X: O. S, -N(R 10 )-, -C(R 11 )(R 12 )-; Y: O, CO, -S(0)n-, -N(R 10 )-, -C(R 11 )(R 12 )-; R 7 , R 8 : H, alkyl,COOH, optionally sub- 
situted alkyl, etc.; R 9 , R 10 , R 11 , 
R 12 : H, alkyl, etc.; m, n: 0 to 2] 

R 3 : H, optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkenyl, optionally substi- 
tuted alkynyl; R 4 : optionally substituted (hetero)arylene; R 5 : optionally substituted alkyl, optionally substituted (het- 
ero)aryl}. 
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Description 
[Technical Field] 

5 [0001] The present invention relates to novel sulfonamide derivatives having excellent matrix metalloproteinase 13 
inhibitory action and agtycanase inhibitory action, and to pharmaceutical compositions containing the same. 

[Background Art] 

w [0002] A nonsteroidal anti-inflammatory drug (NSAID) is conventionally used for the treatment of osteoarthritis and 
chronic rheumatoid arthritis. However, such therapeutic methods are only symptomatic therapies, and there are still no 
medicaments for etiotropic therapy that inhibits the progress of these diseases. 

[0003] In addition, in the field of antitumor drugs, since drugs currently used in the clinical setting are generally 
associated with strong adverse side effects, there is a need for drugs that are effective for not only the treatment of can- 
15 cer, but also for both the prevention of the disease and the prevention of relapse and that cause only mild adverse side 
effects, if any. 

[0004] Matrix metalloproteinase (hereinafter referred to as "MMP") is known to be an enzyme that decomposes 
protein components of connective tissue. MMP-13 (collagenase-3), which is one of several subtypes of MMP, has 
strong decomposition activity against type l( collagen, one of the main components of joint cartilage. MMP-13 is an 

20 enzyme that is found locally in joints, and its expression has been reported to be elevated in the joints of patients with 
osteoarthritis and chronic rheumatoid arthritis as compared with that in the joints of healthy people (P.G. Mitchell et al., 
Journal of Clinical investigation, vol. 97, 761-768, 1996; P. Reboul et al., Journal of Clinical Investigation, vol. 97, 201 1 - 
2019. 1996; D. Wernicke et al., Journal of Rheumatology, vol. 23. 590-595, 1996). Based on these reports, MMP-13 is 
considered to play an important role in the destruction of joint cartilage matrix in the course of development of arthritis. 

25 [0005] In addition, aglycan, another main component of joint cartilage, is reported to be decomposed by an enzyme 
referred to as aglycanase in osteoarthritis. Although the actual form of aglycanase has not been identified, this enzyme 
is known to cleave aglycan at an extremely characteristic sequence of Glu373-Ala374 (J.D. Sandy et al., Journal of Bio- 
logical Chemistry, vol. 266, 8683-8685, 1990; J.D. Sandy et al., Journal of Biological Chemistry, vol. 270, 2550-2556, 
1995). 

30 [0006] Thus, on the basis of the above findings, compounds that strongly inhibit both MMP, particularly MMP-13, 
and aglycanase are considered to be useful as therapeutic and preventive agents against osteoarthritis and other forms 
of arthritis. 

[0007] On the other hand, MMP-1 3 is known to be expressed at a high level in breast carcinoma and several other 
cancerous tissues, and it has been indicated that it has a strong possibility of playing an important role in the growth 
35 and metastasis of these cancers (J.M.R Freije et al., Journal of Biological Chemistry, vol. 269, 16766-16773, 1994). 
Thus, compounds that have inhibitory action against this enzyme are considered to be useful inhibitors of metastasis, 
invasion and growth of various cancer ceils. 

[0008] Compounds having MMP inhibitory activity, for example, those shown below, are disclosed in WO 97/271 74. 
However, the inhibitory action of these compounds against MMP-13 is not disclosed, and there is no disclosure orsug- 
*o gestion of aglycanase inhibitory action. 



[0009] As a result of earnest research on the synthesis and pharmacological action of compounds that strongly 
inhibit both MMP-13 and aglycanase, the inventors of the present invention found that novel sulfonamide derivatives 
have potent MMP-13 inhibitory activity and aglycanase inhibitory activity, thereby leading to completion of the present 
invention. 

55 

[Disclosure of the Invention] 

[0010] The present invention relates to 




CHtCHafe 
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(1) a compound of the following formula (I) or a pharmacologically acceptable salt, ester or other derivative thereof: 

R 5 -0-R 4 -S0 2 -N— ( (|) 
R 3 R 2 



io {wherein 

R 1 represents a hydroxy I group or a hydroxyamino group; 

R ? represents a hydrogen atom, a lower alky I group, a lower alkyl group substituted with at least one group 
selected from Substituent group a, a cycloalkyl group having from 3 to 7 carbon atoms or a group of the for- 
is mula: -A-R 6 

[wherein 

A represents a lower alkylene group or a lower alkylene group interrupted by an oxygen atom, -S(0) m - or - 
N(R 9 )-; 

R 6 represents a group of the following formula (II), (III) or (IV): 



20 



25 



iY -y 

(H) 0») (IV) 

30 (wherein 

X represents an oxygen atom, a sulfur atom, -N(R 10 )- or -C(R n )(R 12 ); 

Y represents an oxygen atom, a carbonyl group, -S(0) n -, -NfR 1 ®)- or -C(R 11 )(R 12 ); 

R 7 and R 8 may be the same or different from each other and each represents a hydrogen atom, a lower alkyl 
group, a carboxyl group, one group selected from Substituent group a, a lower alkyl group substituted with at 

35 least one group selected from Substituent group a, a lower alkoxy group substituted with at least one group 

selected from Substituent group a, a lower alkytthio group substituted with at least one group selected from 
Substituent group a, a lower alkylsulfinyl group substituted with at least one group selected from Substituent 
group a or a lower alkylsulfonyl group substituted with at least one group selected from Substituent group a, or 
R 7 and R 8 may form, together with the carbon atom(s) to which they are attached, a non-aromatic hydrocarbon 

40 ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring substituted with at least one group selected 

from Substituent group a and Substituent group p, a non-aromatic heterocycle substituted with at least one 
group selected from Substituent group a and Substituent group f}, an aryl ring, a heteroaryl ring, an aryl ring 
substituted with at least one group selected from Substituent group a and Substituent group |5 or a heteroaryl 
ring substituted with at least one group selected from Substituent group a and Substituent group 0; and 

45 R 9 , R 10 , R 1 1 and R 12 may be the same or different from one another and each represents a hydrogen atom or 

a lower alkyl group, and further R 11 and R 12 may form, together with the carbon atom(s) to which they are 
attached, a non-aromatic hydrocarbon ring, a non-aromatic heterocycle, a non-aromattc hydrocarbon ring sub- 
stituted with at least one group selected from Substituent group a and Substituent group (5 or a non-aromatic 
heterocycle substituted with at least one group selected from Substituent group a and Substituent group 

so with the proviso that when R 7 and R 8 are attached to the same carbon atom, R 7 and R 8 do not form, together 

with the carbon atom to which they are attached, an aryl ring, a heteroaryl ring, an aryl ring substituted with at 
least one group selected from Substituent group a and Substituent group (J or a heteroaryl ring substituted with 
at least one group selected from Substituent group a and Substituent group (3), and 
m and n may be the same or different from each other and each represents 0, 1 or 2], 

55 R 3 represents a hydrogen atom, a lower alkyl group, a cycloalkyl group having from 3 to 7 carbon atoms, an 

alkenyl group, an alkynyl group, a lower alkyl group substituted with at least one group selected from Substitu- 
ent group a. a cycloalkyl group having from 3 to 7 carbon atoms substituted with at least one group selected 
from Substituent group a and Substituent group {J, an alkenyl group substituted with at least one group 
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selected from Substituent group fx or an alkynyl group substituted with at least one group selected from Sub- 
stituent group a; 

R 4 represents an arylene group, a heteroarylene group, an arylene group substituted with at least one group 
selected from Substituent group a and Substituent group (5 or a heteroarylene group substituted with at least 

5 one group selected from Substituent group rx and Substituent group (5; and 

R 5 represents a lower alkyl group, a lower alkyl group substituted with at least one group selected from Sub- 
stituent group a, an aryl group, a heteroaryl group, an aryl group substituted with at least one group selected 
from Substituent group a and Substituent group (5 or a heteroaryl group substituted with at least one group 
selected from Substituent group a and Substituent group p; 

w with the proviso that when R 2 represents a hydrogen atom, a lower alkyl group, a lower alkyl group substituted 

with at least one group selected from Substituent group a or a cycloalkyl group having from 3 to 7 carbon 
atoms, R 3 represents alkynyl or an alkynyl group substituted with at least one group selected from Substituent 
group a. 

[Substituent group a] 

/5 halogen atoms, cycloalkyl groups having from 3 to 7 carbon atoms, lower alkoxy groups, halogeno lower alkoxy 

groups, lower alkanoyl groups, lower alkylthio groups, halogeno lower alkylthio groups, lower alkylsulfinyl 
groups, lower alkylsulfonyl groups, amino groups, mono-lower alkylamino groups, di-(lower alkyl)amino 
groups, cyano groups, nitro groups, aryl groups, heteroaryl groups, aryloxy groups, heteroaryloxy groups, 
arylthio groups, heteroarylthio groups, aryl groups substituted with at least one group selected from Substitu- 
te ent group y, heteroaryl groups substituted with at least one group selected from Substituent group 7, aryloxy 
groups substituted with at least one group selected from Substituent group 7, heteroaryloxy groups substituted 
with at least one group selected from Substituent group 7, arylthio groups substituted with at least one group 
selected from Substituent group 7, heteroarylthio groups substituted with at least one group selected from Sub- 
stituent group 7. 
25 [Substituent group (3} 

lower alkyl groups, halogeno lower alkyl groups, 
[Substituent group 7] 

halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower alkoxy groups, halogeno lower alkoxy 
groups, lower alkylthio groups, halogeno lower alkylthio groups, nitro groups, cyano groups. 



Of these compounds, preferred are: 

(2) a compound in which R 1 is a hydroxyamino group; 

(3) a compound in which R 2 is an alkyl group having from 1 to 4 carbon atoms or an alkyl group having from 1 to 4 
35 carbon atoms substituted with at least one group selected from Substituent group a; 

(4) a compound in which R 2 is an alkyl group having from 1 to 4 carbon atoms or an alkyl group having from 1 to 4 
carbon atoms substituted with at least one group selected from the following Substituent group a 1 ; 

(5) a compound in which R 2 is an alkyl group having from 1 to 4 carbon atoms or an alkyl group having from 1 to 4 
carbon atoms subsituted with at least one group selected from the following Substituent group a 2 ; 

ao (6) a compound in which R 2 is a methyl, ethyl, propyl, isopropyl, 2-methoxyethyl, 2-methylthiophenyl, 3,3,3-trifluor- 
opropyl, benzyl, 2-phenylethyl, benzyloxymethyl, benzylthiomethyl or 2-thienylthiomethyl group; 

(7) a compound in which A is an alkylene group having from 1 to 4 carbon atoms or a lower alkylene group inter- 
rupted by an oxygen atom or -SfO^-; 

(8) a compound in which A is a methylene, ethylene, 1,1-dimethylethylene, trimethylene, tetramethylene, - 
45 CH 2 0(CH 2 ) 2 - or -CH 2 S(CH 2 ) 2 - group; 

(9) a compound in which A is a methylene, ethylene or trimethylene group; 

(10) a compound in which R 6 is 



55 
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50 (1 1 ) a compound in which R 3 is a hydrogen atom, a lower alkyl group, a cycioalkyl group having from 3 to 7 carbon 
atoms, an alkenyl group, an alkynyl group, a lower alky! group substituted with an aryl group, a lower alkyl group 
substituted with a heteroaryl group, an alkeny! group substituted with an aryl group, an alkenyl group substituted 
with a heteroaryl group, an alkynyl group substituted with an aryl group or an alkynyl group substituted with a het- 
eroaryl group 

55 (here, the "aryl group" and the "heteroaryl group" are unsubstituted or substituted with at least one group selected 
from Substituent group a and Substituent group (5, described above); 

(12) a compound in which R 3 is an alkyl group having from 1 to 6 carbon atoms, a cycioalkyl group having from 3 
to 7 carbon atoms, an alkenyl group having from 3 to 6 carbon atoms, an alkynyl group having from 3 to 6 carbon 
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atoms, an alkyl group having from 1 to 3 carbon atoms substituted with an aryl group, an alkyl group having from 1 
to 3 carbon atoms substituted with a heteroaryl group, an alkenyl group having 3 carbon atoms substituted with an 
aryl group, an alkenyl group having 3 carbon atoms substituted with a heteroaryl group, an alkynyl group having 3 
carbon atoms substituted with an aryl group or an alkynyl group having 3 carbon atoms substituted with a heter- 
5 oaryl group; 

(13) a compound in which R 3 is a methyl, ethyl, propyl, cyclopropyl, allyl, 2-butenyl, propargyl, 2-butynyl, benzyl, 2- 
phenylethyl, 3-phenylpropyl, 3-(4-chlorophenyl)propyl, 3-phenylpropargyl or 3-(4-chlorophenyl)propargyl group; 

(14) a compound in which R 4 is a phenylene, naphthylene or thienylene group; 

(15) a compound in which R 4 is a p-phenylene group; 

io (16) a compound in which R 5 is an alkyl group having from 1 to 6 carbon atoms, a halogenoalkyl group having from 
1 to 4 carbon atoms, an aryl group, a heteroaryl group, an aryl group substituted with at least one group selected 
from Substituent group a and Substituent group p or a heteroaryl group substituted with at least one group selected 
from Substituent group « and Substituent group |3; 

(17) a compound in which R 5 is a methyl, ethyl, propyl, butyl, trifluoromethyl, phenyl, 3-fluorophenyl, 4-fluorophenyl, 
15 3-chlorophenyl, 4-chlorophenyl, 3-methylphenyf, 4-methylphenyl, 3-methoxyphenyl, 4-methoxyphenyJ, 3-cyano- 

phenyl, 4-cyanophenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 3,4-difluorophenyl, 3,4-dichlorophenyl, 3-pyridyl, 4- 
pyridyl, 2-thienyl or 3-thienyl group; 

(18) a compound in which R 7 and R 8 may be the same or different from each other and each represents a hydrogen 
atom, a nitro group, an amino group, a mono-lower alkyl ami no group, a di(lower alkyl)amino group, a cyano group, 

20 a carboxyl group, a halogen atom, an aryl group, a heteroaryl group, a lower alkyl group, a lower alkanoyl group, a 
lower alkyl group substituted with at least one group selected from Substituent group a, a lower alkoxy group sub- 
stituted with at least one group selected from Substituent group a, a lower alkylthio group substituted with at least 
one group selected from Substituent group a, a lower alkylsulfinyl group substituted with at least one group 
selected from Substituent group a or a lower alkylsulfonyi group substituted with at least one group selected from 

25 Substituent group a, or R 7 and R 8 form, together with the carbon atom(s) to which they are attached, a non-aro- 
matic hydrocarbon ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring substituted with at least one 
group selected from Substituent group a and Substituent group (3, a non-aromatic heterocycle substituted with at 
least one group selected from Substituent group a and Substituent group p, an aryl ring, a heteroaryl ring, an aryl 
ring substituted with at least one group selected from Substituent group a and Substituent group p or a heteroaryl 

30 ring substituted with at least one group selected from Substituent group a and Substituent group P; 

(19) a compound in which R 7 and R 8 may be the same or different from each other and each represents a hydrogen 
atom, a nitro group, a cyano group, a carboxyl group, a halogen atom, an aryl group, a heteroaryl group, a lower 
alkyl group, a lower alkanoyl group or a lower alkyl group substituted with at least one group selected from Substit- 
uent group a, or R 7 and R 8 form, together with the carbon atom(s) to which they are attached, a non-aromatic 

35 hydrocarbon ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring substituted with at least one group 
selected from Substituent group a and Substituent group p, a non-aromatic heterocycle substituted with at least 
one group selected from Substituent group a and Substituent group P, an aryl ring, a heteroaryl ring, an aryl ring 
substituted with at least one group selected from Substituent group a and Substituent group P or a heteroaryl ring 
substituted with at least one group selected from Substituent group a and Substituent group P; 

40 or a pharmacologically acceptable salt, ester or other derivative thereof. 
[Substituent group a 1 ] 

halogen atoms, cycloalkyl groups having from 3 to 7 carbon atoms, lower alkoxy groups, lower alkylthio groups, 
amino groups, mono-lower alkylamino groups, di-(lower alky<)amino groups, cyano groups, aryl groups, heteroaryl 
groups, aryloxy groups, heteroaryloxy groups, arylthio groups, heteroarylthio groups. 
45 [Substituent group a 2 ] 

lower alkoxy groups, lower alkylthio groups, aryl groups, heteroaryl groups, aryloxy groups, heteroaryloxy groups, 
arylthio groups, heteroarylthio groups. 

In the above compounds, particularly preferred are: 

(20) a compound selected from the following compounds or a pharmacologically acceptable salt, ester or other 
so derivative thereof: 

(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethvl)glycinamide. 
(+)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycinamide, 
(±)-N-hydroxy-Na-methyl-Na-(4-phenoxyb 
55 (±)-2-[2-(5-fluoropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-N«-methyl-Na-(4-phenoxybenz 
mide, 

(±)-N-hydroxy-Na-me%l-Na-(4-phenoxybenzenesulfonyl)-2-[2-(thieno[3,2-d]pyrimidin-2,4-dione-3- 
yl)ethyl]glycinamide, 
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(±)-N-hydroxy-N«H7iethyl-2-[2-(7-^^ 
(±)-N-hydroxy-Na^ethyl-Na-(4-ph 
(±)-2-[2-(1,1<JioxoO,2-benzisothiazol<3-one-2-yl)ethyl^^^ 
nyl)glycinamide, 

(±)-N-hydroxy-NaHTiethyl-2-[2-(6-me^^ 
namide, 

(±)-N-hydroxy-NaHTiethyl-Na-(4-phenoxybenzenesufo^ 
yl)ethyl]glycinamide, 

N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfony^^ 
(±)4\I«-[4-(4-fluorophenoxy)benzenesulfonyl]-N-h^ 
(±)-2-[2-(6-chloropyrimidn-2,4-dione-3-yl)ethy^ 
namide, 

(±)-N-hydroxy-Na-methy1-Nrx-(4-phenoxybenzen 

yl)ethyl]glycinamide, 

(±)-N-hydroxy-Na™ethyi-Na-[4-(pyrM^ 

yl)ethyl]glycinam]de, 

(±)-2-[2-(6-chloro-1-methylpyrimicfin-2^^ 

nyl)glycinamide, 

(±)-Na-[4-(4-chlorophenoxy)benzenesulfonyl]-2-[2-(6-chloropyrimidin-2,4-dion 
methylglycinamide, 

(+)-2-[2-(6-chloropyrimidin-2,4-dione-3-^^^ 
methylglycinamide, 

(±)-N<i-[4-(4<:hlorophenoxy)benzenesulfonyl]-N-h^^ 
dione-3-yl)ethyl]glycinamide. 
(±)-Nft-[4-(4-fluorophenoxy)benzenesulfo^ 
3-yl)ethyl)glycinamide, 

(±)-Nr(^4-(3-chlorophenoxy)benzenesulfonyl]-N^ 
dione-3-y!)ethyl]glycinamide, 

(±)-Nrc-[4-(3-chlorophenoxy)benzenesulfonyl]-2^2-(6-^ 
methylglycinamide, 

(±)-2-[2-(6-chloropyrimidn-2,4-dione-3-y^ 
mide, 

(±)-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-Na-[4-(3-fluorophenoxy)benzenesulfonyl]-N-h 

methylglycinamide, 

(±)-2-[2-(6<hloropyrimidin-2A 

nyljglyci namide, 

(±)-N«-[4-(3-fIuorophenoxy)benzenesulfonyl]-M 
3-yl)ethyl]glycinamide, 

(±)-N-hydroxy-Nr<-melhy1-Na-[4-(pyridin^-yl)oxybenzenesulfonyl|-2-[2-(6-trifluoromethylpyrimidi^ 
3-yl)ethyl]g!ycinaniide, 

(±)-N«-ethyl-N-hydroxy-Nu-(4-phenoxybenzenesufo^ 
yl)ethyl]glycinamide, 

(±)-N-hydroxy-Na-methyl-2-[2-(1-methyl-6-trifluoromethylpyrimidin-2,4-dione-3-yl)et^^ 

nesulfonyl)glycinamide, 

(±)-2-[2-(5<hloropyrimicfin-2,4-dione 

namide, 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-quinazolin-2 ( 4-dione-3-yl)ethy 
mide, 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-(thieno[3,2-d]pyrimidin-2,4-dione-3- 
yl) ethyl Jglycin amide, and 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-hyd(T>xy-Na-methyl-2-(2-phthalimidoethyl)glycinamide. 



Another object of the present invention is to provide: 

(21) a medicament (particularly a MMP-13 inhibitory agent and an aglycanase inhibitory agent) containing the 
compound described in any one selected from the above (1) to (20) or a pharmacologically acceptable salt, ester 
or other derivative thereof as an active ingredient, more specifically 

(22) the medicament described in (21 ) for the prevention or treatment of arthritis (particularly osteoarthritis), or 
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(23) the medicament described in (21) for inhibiting metastasis, invasion or growth of cancer (particularly breast 
cancer). 

Furthermore, the present invention also provides 

(24) a method for preventing or treating arthritis (particularly osteoarthritis) or a method for inhibiting metastasis, 
5 invasion or growth of cancer (particularly breast cancer), comprising administering the compound or a pharmaco- 
logically acceptable salt, ester or other derivative thereof described in any one of the above-mentiond (1) to (20), 
and 

(25) a use of the compound or a pharmacologically acceptable salt, ester or other derivative thereof described in 
any one of the above-mentiond (1) to (20) for manufacturing a medicament for the prevention or treatment of arthri- 

w tis (particularly osteoarthritis) or a medicament for inhibiting metastasis, invasion or growth of cancer (particularly 
breast cancer). 

[001 1] In the above formula (I): 

15 the "lower alkyl group' in the definition of R 2 R 3 , R 5 , R 7 , R 8 , R 9 R 10 , R 1 \ R 12 , "Substituent group |J* and "Substit- 
uent group y"; the "lower alkyl group" of the "lower alkyl group substituted with at least one group selected from 
Substituent group a" in the definition of R 2 , R 3 , R 5 , R 7 and R 8 the "lower alkyl" moiety of the "lower alkoxy group 
substituted with at least one group selected from Substituent group a", the "lower alkylthio group substituted with 
at least one group selected from Substituent group a", the "lower alkylsulfinyl group substituted with at least one 

20 group selected from Substituent group a" and the "lower alkylsulfonyl group substituted with at least one group 
selected from Substituent group a" in the definition of R 7 and R 8 ; the "lower alkyl* moiety of the "lower alkoxy 
group", the "halogeno lower alkyl group", the "lower alkylthio group", the "halogeno lower alkylthio group", the 
"lower alkylsulfinyl group", the "lower alkylsulfonyl group", the "mono-lower alkylamino group" and the "di-(lower 
alkyl)amino group* in the definition of "Substituent group a"; the "lower alky!" moiety of the "halogeno lower alkyl 

25 group" in the definition of the "Substituent group |T; and the "lower alkyl" moiety of the "halogeno lower alkyl group", 
the "lower alkoxy group", the "halogeno lower alkoxy group", the 'lower alkylthio group" and the "halogeno lower 
alkylthio group" in the definition of Substituent group f represent a straight or branched chain alkyl group having 
from 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyt, pentyl, 2-pentyl, 3- 
pentyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2, 2-dimethy (propyl, hexyl, 2-hexyl, 3- 

30 hexyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1 ,2-dimethylbutyl, 1 ,3-dimethylbutyl, 2,2- 
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1 ,1 ,2-trimethy (propyl and 1 ,2,2-trimethy (propyl groups, prefera- 
bly a straight or branched chain alkyl group having from 1 to 4 carbon atoms, particularly preferably a methyl, ethyl, 
propyl, isopropyl or butyl group. 

35 [0012] The "cycloalkyl group having from 3 to 7 carbon atoms" in the definition of R 2 , R 3 and the "substituent group 
a"; and the "cycloalkyl group having from 3 to 7 carbon atoms* of the "cycloalkyl group having from 3 to 7 carbon atoms 
substituted with a group selected from the substituent group a and the substituent group |5" in the definition of R 3 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl groups. 

[0013] The "lower alkylene group" in the definition of A represents a straight or branched alkylene group having 
AO from 1 to 6 carbon atoms such as methylene, ethylene, trimethylene, propylene, tetramethylene, 1,1 -dimethyl ethylene, 
1 ,1-dimethyltrimethylene and 1,1 -dimethyltetram ethylene, preferably a straight or branched alkylene group having from 
1 to 4 carbon atoms, more preferably a straight alkylene group having from 1 to 4 carbon atoms, particularly preferably 
a methylene, ethylene or trimethylene group. 

[0014] The "lower alkylene group interrupted by an oxygen atom, -S(0) m - "or -N(R 9 )-" in the definition of A repre- 
ss sents a group in which an oxygen atom, -S(0) m - or -N(R 9 )- is present between two carbon atoms of the above "lower 
alkylene group", and preferred examples of such a group include -CH 2 OCH 2 -, -CH 2 SCH 2 -, -CH 2 NHCH 2 -, - 
CH 2 N(CH 3 )CH 2 -, -CH 2 OCH 2 CH 2 - ( -CH 2 SCH 2 CH 2 -, «CH 2 NHCH 2 CH 2 -, -CH 2 N(CH 3 )CH 2 CH 2 -, -Ch^SOC^C^- and - 
CH 2 S0 2 CH2CH 2 -. 

[0015] The "lower alkoxy group" in the definition ofSubstituent group a" and "Substituent group f\ and the "lower 
so alkoxy group" of the 'lower alkoxy group substituted with at (east one group selected from Substituent group a" in the 
definition of R 7 and R 8 represent a group in which an oxygen atom is attached to the above "lower alkyl" group, prefer- 
ably a straight or branched alkoxy group having from 1 to 4 carbon atoms, more preferably a methoxy, ethoxy, propoxy, 
isopropoxy or butoxy group, particularly preferably a methoxy, ethoxy or propoxy group. 

[0016] The "lower alkylthio group" in the definition of "Substituent group a* and "Substituent group V; and the "lower 
55 alkylthio group" of the "lower alkylthio group substituted with at least one group selected from Substituent group a" in 
the definition of R 7 and R 8 represent a group in which a sulfur atom is attached to the above "Jower alkyl" group , pref- 
erably a straight or branched alkylthio group having from 1 to 4 carbon atoms, more preferably a methylthio, ethylthio, 
propylthio, isopropylthio or butylthio group, particularly preferably a methylthio, ethylthio or propylthio group. 
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[0017] The "lower alkylsulfinyl group" in the definition of "Substituent group «"; and the "lower alkylsulfinyl group" of 
the "lower alkylsulfinyl group substituted with at least one group selected from Substituent group of in the definition of 
R 7 and R 8 represent a group in which a sulfinyl moiety (-SO-) is attached to the above "lower alkyl" group, preferably a 
straight or branched alkylsulfinyl group having from 1 to 4 carbon atoms, more preferably a methylsulfinyl, ethylsulfinyl, 
5 propylsulfinyl, isopropylsulfinyl or butyl sulfinyl group, particularly preferably a methylsulfinyl, ethylsulfinyl or propylsutfi- 
nyl group. 

[0018] The "lower alkylsulfonyl group" in the definition of "Substituent group a"; and the "lower alkylsulfonyl group" 
of the "lower alkylsulfonyl group substituted with at least one group selected from Substituent group a" in the definition 
of R 7 and R 8 represent a group in which a sulfonyl (-S0 2 -) moiety is attached to the above "lower alkyl" group, preferably 
w a straight or branched alkylsulfonyl group having from 1 to 4 carbon atoms, more preferably a methylsutfonyl, ethylsul- 
fonyl, propylsulfonyl, isopropylsulfonyl or butylsulfonyl group, particularly preferably a methylsulfonyl, ethylsulfonyl or 
propylsulfonyl group. 

[0019] The "non-aromatic hydrocarbon ring" which is formed by R 7 and R fl , together with the carton atom(s) to 
which they are attached; the "non-aromatic hydrocarbon ring" of the "non-aromatic hydrocarbon ring substituted with at 

is least one group selected from Substituent group a and Substituent group (i" which is formed by R 7 and R 8 , together 
with the carbon atom(s) to which they are attached; the. "non-aromatic hydrocarbon ring" which is formed by R 11 and 
R 12 , together with the carbon atom(s) to which they are attached; and the "non-aromatic hydrocarbon ring" of the "non- 
aromatic hydrocarbon ring substituted with at least one group selected from Substituent group a and Substituent group 
0" which is formed by R 1 1 and R 12 , together with the carbon atom(s) to which they are attached, represent a saturated 

20 hydrocarbon ring having from 3 to 7 carbon atoms such as a cyclopropane ring, cyclobutane ring, cyclopentane ring, 
cyclohexane ring and cycloheptane ring or an unsaturated hydrocarbon ring having from 3 to 7 carbon atoms such as 
a cyclopropene ring, cyclobutene ring, cyclopentene ring, cyclohexene ring and cycloheptene ring, preferably a satu- 
rated hydrocarbon ring having 5 or 6 carbon atoms or an unsaturated hydrocarbon ring having 5 or 6 carbon atoms, 
more preferably an unsaturated hydrocarbon ring having 5 or 6 carbon atoms. 

25 [0020] In the above formulae (II) and (III), since a double bond exists between the carbon atom to which R 7 is 
attached and the carbon atom to which R 8 is attached, R 7 and R 8 together with a carbon atom to which they are 
attached, do not form a saturated hydrocarbon ring. 

[0021] The "non-aromatic heterocycle" which is formed by R 7 and R 8 , together with the carbon atom(s) to which 
they are attached; the "non-aromatic heterocycle" of the "non-aromatic heterocycle substituted with at least one group 

30 selected from Substituent group a and Substituent group |5" which is formed by R 7 and R 8 , together with the carbon 
atom(s) to which they are attached; the " no n -aromatic heterocycle* which is formed by R 1 1 and R 12 , together with the 
carbon atom(s) to which they are attached; and the "non-aromatic heterocycle" of the "non-aromatic heterocycle sub- 
stituted with at least one group selected from Substituent group a and Substituent group |P which is formed by R 11 and 
R 12 , together with the carbon atom(s) to which they are attached, represent a 5- to 7-membered saturated heterocycle 

35 or partially saturated heterocycle containing from 1 to 3 sulfur atoms, oxygen atoms and/or nitrogen atoms, preferably 
a 5- or 6-membered saturated heterocycle or partially saturated heterocycle containing one or two sulfur atoms, oxygen 
atoms and/or nitrogen atoms, and examples of such a ring include for example a d'rthiolane ring, dioxane ring and pyr- 
rolidine ring. 

' [0022] The "aryl ring" which is formed by R 7 and R 8 , together with the carbon atom(s) to which they are attached; 

40 and the "aryl ring" of the "aryl ring substituted with at least one group selected from Substituent group a and Substituent 
group (5" which is formed by R 7 and R R , together with the carbon atom(s) to which they are attached, represent an aro- 
matic hydrocarbon ring having from 6 to 10 carbon atoms such as a benzene ring, an indene ring and a naphthalene 
ring, preferably a benzene ring or a naphthalene ring, particularly preferably the benzene ring. 
[0023] The above "aryl ring" may be fused with a cycloalkyl group having from 3 to 1 0 carbon atoms and such fused 

45 rings include an indane ring. 

[0024] The "heteroaryl ring" which is formed by R 7 and R 8 , together with the carbon atom(s) atom to which they are 
attached; and the "heteroaryl ring" of the "heteroaryl ring substituted with at least one group selected from Substituent 
group a and Substituent group |3" which is formed by R 7 and R 8 , together with the carbon atom(s) to which they are 
attached represent a 5- to 7-membered aromatic heterocycle containing from 1 to 3 sulfur atoms, oxygen atoms and/or 

so nitrogen atoms, and examples of such a ring include a furan ring, a thiophene ring, a pyrrole ring, an azepine ring, a 
pyrazole ring, an imidazole ring, an oxazole ring, an isoxazole ring, a thiazole ring, an isothiazole ring, a 1,2,3-oxadia- 
zole ring, a triazole ring, a thiadiazole ring, a pyran ring, a pyridine ring, a pyridazine ring, a pyrimidine ring and a pyra- 
zine ring, preferably a 5- or 6-membered aromatic heterocycle containing one or two sulfur atoms, oxygen atoms and/or 
nitrogen atoms, more preferably a thiophene ring, an imidazole ring, a pyridine ring and a pyrazine ring. 

55 [0025] The above "heteroaryl ring" may be fused with an other cyclic group, and examples of such a fused ring 
include an indole ring, a benzofuran ring, a benzothiophene ring, an isoquinoline ring and a quinoline ring. 
[0026] Specific examples of the "group of formula (II), (HI) or (IV)" in the definition of R 6 preferably include: 
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[0027] The "alkenyl group" and the "alkenyl group" of the "alkenyl group substituted with at least one group selected 
40 from Substituent group a** in the definition of R 3 represent a straight or branched alkenyl group having from 3 to 1 0 car- 
bon atoms, preferably a straight or branched alkenyl group having from 3 to 6 carbon atoms such as ally!, 2-butenyl, 3- 
butenyl, 2-methylallyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 5-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl and 5-hexenyl 
groups, more preferably a straight or branched alkenyl group having 3 or 4 carbon atoms, particularly preferably an allyl 
or 2-butenyl group. 

45 [0028] The "alkynyl group" and the "alkynyl group* of the "alkynyl group substituted with at least one group selected 
from Substituent group a" in the definition of R 3 represent a straight or branched alkynyl group having from 3 to 1 0 car- 
bon atoms, preferably a straight or branched alkynyl group having from 3 to 6 carbon atoms such as propargyl, 2-buty- 
nyl, 3-butynyl, 2-methyl-3-butynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 5-pentynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl and 
5-hexynyl groups, more preferably a straight or branched alkynyl group having 3 or 4 carbon atoms, particularly prefer- 
so ably a propargyl or 2-butynyl group. 

[0029] The "arylene group" and the "arylene group" of the "arylene group substituted with at least one group 
selected from Substituent group a and Substituent group P" in the definition of R 4 represent a divalent aromatic hydro- 
carbon ring having from 6 to 10 carbon atoms such as phenylene and naphthylene, preferably a phenylene group, par- 
ticularly preferably a p-phenylene group. 
55 [0030] The above "arylene group" may be fused with a cycloalkyl group having from 3 to 10 carbon atoms, and 
examples of such a group include an indan-4,7-di-yl group. 

[0031] The "heteroarylene group" and the "heteroarylene group" of the "heteroarylene group substituted with at 
least one group selected from Substituent group a and Substituent group (3 tt in the definition of R 4 represent a divalent 
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5- to 7-membered aromatic heterocyclic ring containing from 1 to 3 sulfur atoms, oxygen atoms and/or nitrogen atoms, 
and examples thereof include furanylene, thienylene, pyrrolylene, azepinylene, pyrazolylene, imidazolylene, oxa- 
zolylene, isoxazolylene, thiazolylene, isothiazolylene, 1 ,2,3-oxadiazolylene, triazolylene, thiadiazolylene, pyranylene, 
pyridylene, pyridazinylene, pyrimidinylene and pyrazinylene groups. Preferably, it represents a 5- or 6-membered aro- 
5 matic heterocycle containing one or two sulfur atoms, oxygen atoms or/and nitrogen atoms, more preferably the 
thienylene, imidazolylene, pyridylene or pyrazinylene group, particularly preferably a thienylene group. 
[0032] The above "heteroarylene group" may be fused with other cyclic groups, and examples of such a fused ring 
include indole-4,7-diyl and benzothiophene-4,7-diyl. 

[0033] The "aryl group" in the definition of R 5 and "Substituent group a"; the "aryl group" of the "aryl group substi- 
w tuted with at least one group selected from Substituent group a and Substituent group P" in the definition of R 5 and the 
"aryl group" of the "aryl group substituted with at least one group selected from Substituent group y in the definition 
oPSubstituent group a" represent a monovalent aromatic hydrocarbon ring having from 6 to 10 carbon atoms such as 
phenyl and naphthyl, more preferably a phenyl group. 

[0034] The above "aryl group" may be fused with a cycloalkyl group having from 3 to 1 0 carbon atoms, and exam- 

10 pies of such a group include 5-indanyl. 

[0035] The "heteroaryl group" in the definition of R 5 and "Substituent group a"; the "heteroaryl group" of the "heter- 
oaryl group substituted with at least one group selected from Substituent group a and Substituent group p" in the defi- 
nition of R 5 and the "heteroaryl group" of the "heteroaryl group substituted with at least one group selected from 
Substituent group / in the definition oPSubstituent group a* represent a monovalent 5- to 7-membered aromatic hete- 

20 rocyclic group containing from 1 to 3 sulfur atoms, oxygen atoms and/or nitrogen atoms and include furanyl, thienyl, pyr- 
rolyl, azepinyl, pyrazoryl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothia2olyl, 1 ,2,3-oxadiazolyl, triazolyl, thiadiazolyt, 
pyranyl, pyridyl, pyridazinyl, pyrimidinyl and pyrazinyl groups. Preferably, it represents a monovalent 5- or 6-membered 
aromatic heterocyclic group containing one or two sulfur atoms, oxygen atoms and/or nitrogen atoms, more preferably 
a thienyl, imidazolyl. pyridyl or pyrazinyl group, and particularly preferably a thienyl or pyridyl group. 

25 [0036] The above heteroaryl group may be fused with an other cyclic group, and examples of such fused rings 
include indolyl, benzofuranyl, benzothienyl, isoquinolyl and quinolyl groups. 

[0037] The "halogen atom" in the definition oPSubstituent group a" and "Substituent group (5" includes a fluorine 
atom, a chlorine atom, a bromine atom and an iodine atom. 

[0038] The "halogeno lower alkoxy group" in the definition oPSubstituent group a" and "Substituent group / repre- 
30 sents a group in which a "halogeno lower alkyl group" described below is attached to an oxygen atom and, particularly 
preferably, it is a difluoromethoxy, trifluoromethoxy or 2,2,2-trifluoroethoxy group. 

[0039] The "lower alkanoyl group" in the definition of "Substituent group a" represents a formyl group or a group in 
which a carbonyl group is attached to the above "lower alkyl group". Preferably, it is a straight or branched alkanoyl 
group having from 1 to 4 carbon atoms, more preferably a formyl, acetyl, propionyl, butyryl or isobutyryl group, still more 
35 preferably a formyl, acetyl or propionyl group, and particularly preferably a formyl or acetyl group. 

[0040] The "halogeno lower alkylthio group" in the definition oPSubstituent group a" and "Substituent group / rep- 
resents a group in which a "halogeno lower alkyl group" described below is attached to a sulfur atom. Particularly pref- 
erably, it is a difluoromethylthio, trifluoromethylthio or 2,2,2-trifluoroethylthio group. 

[0041] The "mono-lower alkylamino group" in the definition of "Substituent group a" represents a group in which 
40 one hydrogen atom of a -NH 2 group is substituted with the above "lower alkyl group". Preferably, it is a straight or 
branched monoalkylamino group having from 1 to 4 carbon atoms, more preferably a methylamino, ethylamino, pro- 
pylamine, isopropylamino or butylamino group, particularly preferably a methylamino, ethylamino or propylamino group. 
[0042] The "di(lower alkyl)amino group" in the definition of "Substituent group a" represents a group in which the 
two hydrogen atoms of a -NH 2 group are substituted with the above "lower alkyl group" which may be the same or dif- 
45 ferent. Preferably, it is a dialkylamino group in which any two alkyl groups are a straight or branched alkyl group having 
from 1 to 4 carbon atoms, more preferably a dimethylamino, ethylrn ethylamino, methylpropyl amino, isopropylmethyl- 
amino, butylmethylamino, diethylamino or diisopropylamino group, particularly preferably a dimethylamino, ethylmethyl- 
amino or diethylamino group. 

[0043] The "aryloxy group" and the "aryloxy group" of the "aryloxy group substituted with at least one group 
so selected from Substituent group -f in the definition oPSubstituent group a" represent a group in which the above "aryl 
group" is attached to an oxygen atom. 

[0044] The "heteroaryloxy group" and the "heteroaryloxy group" of the "heteroaryloxy group substituted with at 
least one group selected from Substituent group Y in the definition of the "substituent group a" represent a group in 
which the above "heteroaryl group" is attached to an oxygen atom. 
55 [0045] The "arylthio group" and the "arylthio group" of the "aryithio group substituted with at least one group 
selected from Substituent group y in the definition oPSubstituent group a" represent a group in which the above "aryl 
group" is attached to a sulfur atom. 

[0046] The "heteroarylthio group" and the "heteroarylthio group" of the "heteroarylthio group substituted with at 
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least one group selected from "Substituent group / in the definition of "Substituent group a* represent a group in which 
the above "heteroaryl group" is attached to a sulfur atom. 

[0047] The "halogeno lower alkyl group" in the definition of "Substituent group |i" and "Substituent group / repre- 
sents a group in which one or two or more hydrogen atoms of the above "lower alkyl group" is substituted with the above 
5 "halogen atom". Preferably, it is a halogeno lower alkyl group having from 1 to 4 carbon atoms, more preferably a trif- 
luoromethyl, trichlorom ethyl, difluoromethyl, dichloromethyl, dibromomethyl, fluoromethyl, 2,2,2-trichloroethyl, 2,2,2-tri- 
fluoroethyl, 2-bromoethyl, 2-chloroethyl, 2-fluoroethyl or 2,2-dibromoethyl group, particularly preferably a 
trifluoromethyl, trichloromethyl, difluoromethyl or fluoromethyl group. 

[0048] Since the compound (I) of the present invention can be converted to an ester, the "ester* means such an 
w ester and includes an "ester of a hy droxyl group" and an "ester of a carboxyl group", and includes an ester In which each 
ester residue is a "general protecting group" or a "protecting group removable by a biological method such as hydrolysis 
in vivo". 

[0049] The "general protecting group" means a protecting group removable according to a chemical method such 
as hydrogenolysis, hydrolysis, electrolysis and photolysis. 

75 [0050] Preferred examples of the "general protecting group" for the "ester of the hydroxyl group" include "aliphatic 
acyl groups", for example, alkylcarbonyl groups such as formyl, acetyl, propionyl, butyryl, isobutyryl, pentanoyl, pivaloyl, 
valeryl, isovaleryl, octanoyl, nonylcarbonyl, decylcarbonyl, 3-methytnonylcarbonyl, 8-methylnonylcarbonyl, 3-ethyloctyl- 
carbonyl, 3,7-dimethyloctylcarbonyl, undecylcarbonyl, dodecylcarbonyl, tridecylcarbonyl, tetradecylcarbonyl, pentade- 
cylcarbonyl, hexadecylcarbonyl, 1-methylpentadecylcarbonyl t 14-methylpentadecylcarbonyl, 13,13- 

20 dimethyltetradecylcarbonyl, heptadecylcarbonyl, 15-methylhexadecylcarbonyl, octadecylcarbonyl, 1 -methylheptadecyi- 
carbonyl, nonadecylcarbonyl, eicosylcarbonyl and heneicosylcarbonyl groups, halogenated alkylcarbonyl groups such 
as chloroacetyl, dichloroacetyl, trichloroacetyl and trifluoroacetyl groups, lower alkoxyalkylcarbonyl groups such as 
methoxyacetyl groups and unsaturated alkylcarbonyl groups such as acryloyl. propioloyl, methacryloyl, crotonoyl, iso- 
crotonoyl and (E)-2«methyl-2-butenoyl groups, (of which, a lower aliphatic acyl group having 1 to 6 carbon atoms is pre- 

25 ferred); "aromatic acyl groups", for example, arylcarbonyl groups such as benzoyl, a-naphthoyl and (J-naphthoyl groups, 
halogenated arylcarbonyl groups such as 2-bromobenzoyl and 4-chlorobenzoyl groups, lower alkylated arylcarbonyl 
groups such as 2,4,6-trimethylbenzoyl and 4-toluoyl groups, lower alkoxylated arylcarbonyl groups such as 4-anisoyl 
groups, nitrated arylcarbonyl groups such as 4-nitrobenzoyl and 2-nitrobenzoyl groups, lower alkoxycarbonylated aryl- 
carbonyl groups such as 2-(methoxycarbonyl)benzoyl groups and arylated arylcarbonyl groups such as 4-phenylben- 

30 zoyl groups; "alkoxycarbonyl groups" such as lower alkoxycarbonyl groups, e.g., methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, butoxycarbonyl, s-butoxycarbonyl, t-butoxycarbonyl and isobutoxycarbonyl groups, and lower alkoxy- 
carbonyl groups substituted with halogen atoms or a tri(lower alkyl)sifyl group, e.g., 2,2,2-trichloroethoxycarbonyl and 
2-trimethylsilylethoxycarbonyl; "tetrahydropyranyl ortetrahydrothiopyranyl groups" such as tetrahydropyran-2-yl, 3-bro- 
motetrahydropyran-2-yl, 4-methoxytetrahydropyran-4-yl groups, tetrahydrothiopyran-2-yl and 4-methoxytetrahydrothi- 

35 opyran-4-yl groups; tetrahydrofuranyl or tetrahydrothiofuranyl groups" such as tetrahydrofuran-2-yl groups and 
tetrahydrothiofuran-2-yl groups; "silyl groups", for example, tri(lower alkyl)silyl groups such as trimethylsityl, triethylsilyl, 
isopropyldimethylsilyl, t-butyldimethylsilyl, methyldiisopropylsilyl, methyl-di-t-butylsily! and tri isop ropy I si ly I groups, and 
tri(loweralkyl)silyl groups in which 1 or 2 alkyl groups are substituted by 1 or 2 aryl groups such as diphenylmethylsilyl, 
diphenylbutylsilyl, diphenylisopropylsilyl and phenyldiisopropylsilyl groups; "alkoxymethyl groups", for example, lower 

AO alkoxymethyl groups such as methoxymethyl, 1, 1 -dimethyl- 1-methoxymethy I, ethoxymethyl, propoxymethyl, isopro- 
poxymethyl, butoxymethyl and t-butoxymethyl groups, lower alkoxylated lower alkoxymethyl groups such as 2-methox- 
yethoxymethyl groups and lower halogeno alkoxymethyl groups such as 2,2,2-trichloroethoxymethyl and bis(2- 
chloroethoxy)methyl groups; "substituted ethyl groups", for example, lower alkoxylated ethyl groups such as 1-ethoxye- 
thyl and 1-(isopropoxy)ethyl groups and halogenated ethyl groups such as 2,2,2-trichloroethyl groups; "aralkyl groups", 

45 for example, lower alkyl groups substituted with 1 to 3 aryl groups such as benzyl, a-naphthylmethyl, p-naphthylmethyl, 
diphenylmethyl, tripheny I methyl, a-naphthyldiphenylmethyl and 9-anthrylmethyl groups and lower alkyl groups substi- 
tuted with 1 to 3 aryl groups each having an aryl ring substituted with a lower alkyl, lower alkoxy, nitro, halogen or cyano 
group, for example, 4-methylbenzyl, 2,4,6-trimethylbenzyl, 3,4,5-trimethylbenzyl, 4-methoxybenzyl, 4-methoxyphenyld- 
iphenylmethyl, 2-nitrobenzyl, 4-nitrobenzyl, 4-chlorobenzyl, 4-bromobenzyl and 4-cyanobenzyl groups; "alkenyloxycar- 

50 bonyl groups" such as vinyloxycarbonyl and allyloxycarbonyl groups; and "aralkyloxycarbonyl groups" having an aryl 
ring which may be substituted with one or two lower alkoxy or nitro groups such as benzyloxycarbonyl, 4-methoxyben- 
zyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 2- nitro benzyloxycarbonyl and 4-nitrobenzyloxycarbonyl groups. 
[0051] Preferred examples of the "general protecting group" relating to an "ester of a carboxyl group" include the 
above-mentioned "lower alkyl groups"; lower alkenyl groups such as ethenyl, 1 -propenyl, 2-propenyl, 1 -methyl-2-prope- 

55 nyl, 1-methyM -propenyl, 2-methy 1-1 -propenyl, 2-methyl-2-propenyl, 2-ethyl-2-prbpenyl, 1-butenyl, 2-butenyl, 1-methyl- 
2-butenyl, 1 -methyl- 1-butenyl, 3-methyl-2-butenyl, 1 -ethyi-2-butenyl, 3-butenyl, 1 -methyl-3-butenyl, 2-methyl-3-butenyl, 

1- ethyl-3-butenyl, 1-pentenyl, 2-pentenyl, 1-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-pentenyl, 1-methyl-3-pentenyl, 

2- methyl-3-pentenyl, 4-pentenyl, 1-methyl-4-pentenyl, 2-methy l-4-penteny 1, 1-hexenyl, 2-hexenyl, 3-hexenyi, 4-hexenyl 
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groups and 5-hexenyl groups; lower alkynyl groups such as ethynyl, 2-propynyl, l-methyl-2-propynyl, 2-methyl-2-prope- 
nyl, 2-ethyl-2-propenyl, 2-butynyl, 1-methyl-2-butynyl, 2-methyl-2-butynyl, 1 -ethyl- 2-butynyl, 3-butynyl, 1-methyl-3-buty- 
nyl, 2-methyl-3-butynyl, 1 -ethyl-3-butynyl, 2-pentynyl, 1 -methyl-2-pentynyl, 2-methyl-2-pentynyl, 3-pentynyl, 1-methyl-3- 
pentynyl, 2-methyl-3-pentynyl, 4-pentynyl, 1 -methyl-4-pentynyl, 2«methyl-4-pentynyl, 2-hexynyf, 3-hexynyl, 4-hexynyl 
and 5-hexynyl groups; the above-mentioned "halogeno lower alkyl groups"; hydroxy "lower alkyl groups" such as 2- 
hydroxyethyl, 2,3-dihydroxypropyl, 3-hydroxypropyl, 3,4-dihydroxybutyl and 4-hydroxybutyl groups; "lower aliphatic 
acyP-"lower alkyl groups" such as acetyl methyl; the above-mentioned "aralkyl groups"; and the above-mentioned 'silyl 
groups". 

[0052] The "protecting group removable by a biological method such as hydrolysis in vivo" means a group which is 
removable through a biological method such as hydrolysis in the human body to give a free acid compound or a salt 
thereof. Whether a compound is such a derivative or not can be determined as follows: the compound is intravenously 
administered to an experimental animal such as a rat or mouse and the body fluid of the animal is thereafter studied. If 
the original compound or a pharmacologically acceptable salt thereof can be detected from the body fluid, the com- 
pound thus studied is judged as a derivative. 

[0053] Preferred examples of the "protecting group which can be cleaved through a biological method such as 
hydrolysis in vivo" for a hydroxy group include "carbonyloxyalkyl groups" such as 1 -(acyloxy)"lower alkyl groups" includ- 
ing 1 -("lower aliphatic acyl"oxy)"lower alkyl groups", e.g. formyloxymethyl, acetoxymethyl, dimethylaminoacetoxyme- 
thyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxymethyl, valeryloxymethy, isova I ery loxymethyl, 
hexanoyloxymethyl, 1 -formyloxyethyl, 1-acetoxyethyl, 1-propionyloxyethyl, 1-butyryloxyethyl, 1-pivaloyloxyethyl, 1- 
valeryloxyethyl, 1 -isovaleryloxyethyl, 1-hexanoyloxyethyl, 1-formyloxypropyl, 1 -acetoxy propyl, 1 -propionyloxypropyl, 1- 
butyryloxypropyl, 1 -pivaloyloxypropyl, 1-valeryloxypropyl. 1-isovaleryloxypropyl, 1 -hexanoyloxypropyl, 1 -acetoxybutyl, 
1-propionyloxybutyl, 1 -butyryloxybutyl, 1-pivaloyloxybutyl, 1-acetoxypentyl, 1 -propionyloxypentyl, 1-butyryloxypentyl, 1- 
pivaloyloxypentyl and 1-pivaloyloxyhexyl groups, 1-("cycloalkyi"carbonyloxy)"lower alkyl groups", e.g. cyclopentylcarb- 
onyloxymethyl,. cyclohexylcarbony loxymethyl, 1 -cyclopenty Icarbonyloxyethyl, 1 -cyclohexylcarbonyloxyethyl, 1 - 
cyclopentylcarbonyloxypropyl, 1 -cyclohexylcarbonyloxypropyl, 1-cyclopentylcarbonyloxy butyl and 1-cyclohexylcarbo- 
nyloxybutyl groups; 1 -("aromatic acyl"oxy)" lower alkyl groups", e.g. be nzoy loxymethyl goups; (lower alkoxycarbony- 
loxy)alkyl groups, e.g. methoxycarbony loxymethyl, ethoxycarbonyloxymethyl, propoxycarbony loxymethyl, 
isopropoxycarbonyloxymethyl, butoxycarbonyloxymethyl, isobutoxycarbony loxymethyl, pentyioxycarbonyloxymethyi, 
hexyloxycarbonyloxymethyl, cyclohexyloxycarbony loxymethyl, cyclohexyloxycarbonyloxy(cydohexyl)methyl, 1-(meth- 
oxycarbonyloxy)ethyl, 1 -(ethoxycarbonyloxy)ethyl, 1-(propoxycarbonyloxy)ethyl, 1-(isopropoxycarbonyloxy)ethyl, 1- 
(butoxycarbonyloxy)ethyl, 1 -(isobutoxycarbonyloxy)ethyl, 1 -(tert-butoxycarbonyloxy) ethyl, 1 -(pentyloxycarbony- 
loxy)ethyl, 1-(hexyloxycarbonyloxy)ethyl t 1-(cyclopentyloxycarbonyloxy)ethyl, 1-(cyclopentyloxycarbonyloxy)propyl, 1- 
(cyclohexyloxycarbonyloxy)propyl, 1 -(cyclopenty loxycarbonyloxy)butyl, 1-(cyclohexyloxycarbonyloxy)butyl, 1- 
(cyclohexyloxycarbonyloxy)ethyl, 1-(ethoxycarbonyloxy)propyl, 2-(methoxycarbonyloxy) ethyl, 2-(ethoxycarbony- 
loxy)ethyl, 2-(propoxycarbonyloxy)ethyl, 2-(isopropoxycarbonyloxy)ethyl, 2-(butoxycarbonyloxy)ethyl, 2-(isobutoxycarb- 
onyloxy)ethyl, 2-(pentyloxycaxbonyloxy) ethyl, 2-(hexyioxycarbonyloxy)ethyl, 1 -(methoxycarbonyloxy)propyl, 1 - 
(ethoxycarbonyloxy)propyl, 1 -(propoxycarbonyioxy)propyl, 1 -(isopropoxycarbonyloxy) propyl, 1 -(butoxycarbony- 
loxy)propyl, 1 -(isobutoxycarbonyloxy)propyl, l-(pentyloxycarbonyloxy)propyl, V(hexyloxycarbonyloxy)propyl, l-(meth- 
oxycarbonyloxy)butyl, 1-(ethoxycarbonyloxy)butyl, 1-(propoxycarbonyloxy)butyl, 1-(isopropoxycarbonyloxy)butyl, 1- 
(butoxycarbonyloxy)butyl, 1-(isobutoxycarbonyloxy)butyl, l-(methoxycarbonyloxy)pentyl, 1 -(ethoxycarbonyloxy)pentyl, 
1-(methoxycarbony!oxy)hexyl and 1 -(ethoxycarbonyloxy)hexyl groups; oxodioxolenylm ethyl groups, e.g (5-phenyl-2- 
oxo-1 ,3-dioxolen-4-yl)methyl, [5-(4-methylphenyl)-2-oxo-1 ,3-dioxolen-4-yl]methyl, [5-(4-methoxyphenyl)-2-oxo-1 ,3- 
dioxolen-4-yl]methyl, [5-(4-fluorophenyl)-2-oxo-1,3-dioxolen-4-yl]methyl, [5-(4-chlorophenyl)-2-oxo-1,3-dioxolen-4- 
yl]methyl, (2-oxo-1 ,3-dioxolen-4-yl)methyl, (5-methyl-2-oxo-1 ,3-dioxolen-4-yl)methyl, (5-ethyl-2-oxo-1 ,3-dioxolen-4- 
yl)methyl, (5-propyl-2-oxo-1,3-dioxolen-4-yI)methyl, (5-isopropyl-2-oxo«1,3-dioxolen-4-yl)methyl and (5-butyl-2-oxo-1,3- 
dioxolen-4-yl)methyl groups; and the like; "phthalidyl groups", e.g. phthalidyl, dimethylphthalidyl and dimethoxyphthali- 
dyl groups; the above-mentioned "lower aliphatic acyl groups"; the above-mentioned "aromatic acyl groups"; "half-ester 
salt residues of succinic acid"; "phosphate ester salt residues"; "ester-forming residues of an amino acid or the like*; 
carbamoyl groups; carbamoyl groups substituted with 1 or 2 lower alkyl groups; and "1-(acyloxy)alkyloxycarbonyl 
groups, e.g. pivaloyloxymethyloxycarbonyl. 

[0054] Preferred examples of the "protecting group removable by a biological method such as hydrolysis in vivo" for 
a carboxyl group include "alkoxy lower alkyl groups" such as lower alkoxy lower alkyl groups, e.g. methoxyethyl. 1- 
ethoxyethyl, 1 -methyl- 1 -methoxyethyl, 1 -(isopropoxy)ethyl, 2-methoxyethyl, 2-ethoxyethyl, 1,1 -dimethyl- 1 -methoxye- 
thyl, ethoxymethyl, n-propoxym ethyl, isoproxymethyl, n-butoxymethyl or tert-butoxym ethyl groups (lower alkoxy lower 
alkoxy)alkyl groups such as 2-methoxyethoxymethyl groups; lower alkoxylated lower alkoxy lower alkyl groups, e.g. 2- 
methoxyethoxymethyl groups, "aryl"oxy"lower alkyl groups", e.g. phenoxymethyl groups, and halogeno lower alkoxy 
lower alkyl groups, e.g. 2,2, 2-trichloroethoxy methyl and bis(2-chloroethoxy)methyl groups; ""lower alkoxy"carbo- 
nyriower alkyl groups"", e.g. methoxycarbonyl groups; "cyano M lower alkyl groups"" e.g. cyanomethyl or 2-cyanomethyl 
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groups; "lower alkyrthiomethyl groups", e.g. methylthiomethyl or ethylthiomethy! groups; '"aryllhiomethyl groups*, e.g. 
phenylthiomethyl or naphthylthiomethyl groups; ""lower alkyl"sulfonyriower alkyl groups optionally substituted with hal- 
ogen atoms"", e.g. 2-methanesulfonylethyl or 2-trifluoromethanesulfonylethyl groups; ""aryl"sulfonyriower alkyl 
groups", e.g. 2-benzenesutfonylethyl or 2-toluenesulfonylethyl groups; the above-mentioned "l-(acyloxy)"lower alkyl 
5 groups"", the above-mentioned "phthalidyl groups"; the above-mentioned "aryl groups"; the above-mentioned "lower 
alkyl groups"; "carboxy alkyl groups", e.g. carboxymethyl groups; and "amide-forming residues of an amino acid", e.g. 
phenylalanine groups. 

[0055] Since the compound (I) of the present invention can be converted to a derivative other than the above-men- 
tioned "pharmaceutically acceptable salt" and the above-mentioned "ester" when it has an amino group and/or carboxy 

w group, the "other derivative" means such a derivative. Examples of such a derivatitive include amide derivatives. 

[0056] In the case where the compound (I) of the present invention has a basic group such as an amino group, the 
compound can be converted to a salt by reacting it with an acid and in the case where the compound (I) has an acidic 
group such as a carboxy I group, since the compound can be converted to the salt by reacting it with a base, the "phar- 
macologically acceptable salt thereof* means such a salt. 

15 [0057] Preferred examples of the salt based on the basic group include inorganic acid salts such as a hydrohalo- 
gcnated acid salts, e.g., hydrofluoride, hydrochloride, hydrobromide and hydroiodide salts, nitrates, perchlorates, sul- 
fates and phosphates; organic acid salts such as a lower alkanesulfonate, e.g., methanesulfonate, 
trifluoromethanesutfonate and ethanesulfonate salts, arylsulfonate, e.g., benzenesulfonate and p-toluenesulfonate 
salts, acetates, malates, fumarates, succinates, citrates, ascorbates, tartrates, oxalates and maleates; and amino acid 

20 salts such as glycine salts, lysine salts, arginates, ornithine salts, glutamates and aspartates. 

[0058] Whereas, preferred examples of the salt based on the acidic group include metal salts such as an alkali 
metal salt, e.g.. sodium salts, potassium salts and lithium salts, an alkali earth metal salt, e.g., calcium salts and mag- 
nesium salts, aluminum salts and iron salts; amine salts such as inorganic salts, e.g.. ammonium salts and organic 
salts, e.g.. t-octylamine salts, dibenzylamine salts, morpholine salts, glucosamine salts, phenyiglycinealkyl ester salts. 

25 ethylenediamine salts, N-methylglucamine salts, guanidine salts, diethylamine salts, triethylamine salts, dicyciohexy- 
lamine salts, N.N'-dibenzylethylenediamine salts, chloroprocain salts, procain salts, diethanolamine salts, N-benzyl- 
phenethylamine salts, piperazine salts, tetramethylammonium salts and tris(hydroxymethyl)aminomethane salts; and 
amino acid salts such as glycine salts, lysine salts, arginates, ornithine salts, glutaminates and aspartates. 
[0059] The compounds of formula (I) of the present invention sometimes absorb moisture when they are left to 

30 stand in the atmosphere or crystallized so that they carry adsorbed water and are thus hydrated. Such hydrates are also 
included in the present invention. 

[0060] Since the compound of the formula (I) has an asymmetric carbon atom in the molecule thereof, it has various 
isomers. In the compound of the present invention, these isomers and mixtures of these isomers are shown by a single 
formula, i.e., the formula (I). Accordingly, the present invention includes all of these isomers and the mixtures of these 
35 isomers. 

[0051] Specific examples of the compounds of the formula (I) of the present invention include the compounds 
described in the following Table 1 to Table 9. 
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(CH 2 h 


yn_j/-\TT 
NHUH 


bt 


Pn 


r 


r 


n 


45 


9-126 


(CH 2 ) 2 


NHOH 


Et 


Ph 


F 


CI 


H 




9-127 


(CH 2 h 


NHOH 


Et 


Ph 


F 


CF3 


H 


50 


9-128 


(CH 2 ) 2 


NHOH 


Et 


Ph 


a 


F 


H 


9-129 


(CHih 


NHOH 


Et 


Ph 


a 


CI 


H 
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9-130 


(CH 2 ) 2 


NHOH 


Et 


Ph 


CI 


CF 3 


H 


5 


9-131 


(CH 2 ) 2 


NHOH 


Et 


Ph 


Me 


F 


H 




9-132 


(CH 2 ) 2 


NHOH 


Et 


Ph 


Me 


CI 


H 


10 


9-133 


(CH 2 )j 


NHOH 


Et 


Ph 


Me 


CF 3 


H 


9-134 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


N0 2 


Me 




9-135 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


CN 


Me 


15 


9-136 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


CHF 2 


Me 




9-137 


(CH 2 h 


NHOH 


Me 


Ph 


H 


SMe 


Me 


20 


9-138 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


S(0)Me 


Me 




9-139 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


S0 2 Me 


Me 




9-140 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


OCF 3 


Me 


25 


9-141 


(CH 2 ) 2 


NHOH 


Me 


Ph 


H 


OCHF 2 


Me 




9-142 


(CH 2 )2 


NHOH 


Me 


Ph 


H 


F 


Me 


30 


9-143 


(CH 2 )2 


NHOH 


Me 


Ph 


H 


C0 2 Et 


Me 




9-144 


(CH 2 h 


NHOH 


Me 


Ph 


F 


F 


Me 




9-145 


(CH 2 )j 


NHOH 


Me 


Ph 


F 


a 


Me 


35 


9-146 


(CH 2 )j 


NHOH 


Me 


Ph 


F 


CF 3 


Me 




9-147 


(CH 2 )2 


NHOH 


Me 


Ph 


CI 


F 


Me 


40 


9-148 


(CH 2 )2 


NHOH 


Me 


Ph 


ci 


CI 


Me 




9-149 


(CH 2 )j 


NHOH 


Me 


Ph 


Cl 


CF 3 


Me 




9-150 


(CH 2 ) 2 


NHOH j 


Me 


Ph 


Me 


F 


Me 


15 


9-151 


(CH 2 fe 


NHOH 


Me 


Ph 


Me 


a 


Me 




9-152 


(CH& 


NHOH 


Me 


Ph 


Me 


CF 3 


Me 


50 


9-153 


(CH 2 h 


NHOH 


Me 


Ph 


H 


CO^Me 


H 




9-154 


(CH 2 )2 


NHOH 


Me 


Ph 


H 


CCbNHz 


H 
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[0062] In the above tables, "Me" means methyl, "Et" means ethyl, "Pr* means propyl, "i-Pr" means isopropyl, "c-Pr" 
means cyclopropyl, "Bu" means butyl, "s-Bu B means s-butyl, "i-Bu M means isobutyl, "t-Bu" means t-butyl, "c-Pn" means 

78 

JNSOOCIO: <EP 1069110A1_L> 



EP 1069 110 A1 



cyclopentyl, "c-Hx" means cyclohexyl, "Ph* means phenyl, tt Py" means pyridyl, Thie" means thienyl. and w Bn w 
benzyl. In addition. w sub.1" to "sub.51 " in table 5 above signify the following substituents respectively. 



o q 
sub.l: -n T| J] sub.2: -n l| 



w 



15 



20 



25 



30 



35 



40 



50 



55 



sub.7: 




o o 




o 

sub.5: ~ N ^X^ sub ' 6: 

0 



o 
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O 

sub.3: ~\K>" sub4 

o o 



o 



(TO 
O 



CH 3 



sub.9: -Kjf S sub.10: ~Y jfV 



0 H 
O 0 



OCHj 
OCH, 



sub.ll: VVS sub.12: VS[\ 

M H 

sub.13: "jVi sub.14: JTjD 

H CH a 
O O 

sub.15: "f |j sub.16: ~j if 
H H 

o p 

sub. 17: "V if 0 "* sub.l 8: "j tf 0 



H H 
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70 



15 



sub.39: 



sub.41: 



sub.43: 



— N 




-ixr 



-A 



sub.40: 



sub.42: 



sub.44: 



H 
O 



-A 

H 

O 

-A 

O^N^CF, 



20 



25 



30 



sub.45: 



sub.47: 



sub.49: 



sub.51: 




o 

H 

H CM, 

O 
O 



sub.46: 



sub.48: 



sub.50: 



-As 

H 
O 



O N' 
H 



N CHj 
H 



[0063] In the above tables, compounds of formula (I) in which R 1 is hydroxyamino group are illustrated. The present 
invention, however, also encompasses hydroxy derivatives [which are compounds of formula (I) wherein R 1 is a hydroxy 
45 group], corresponding to the above compounds as specific examples. 

[0064] In the tables preferred compounds are those of compound numbers 1-1 to 1-4, 1 -8 to 1-1 1, 1-24 to 1-27, 1- 

40 to 1-43, 1-56 to 1-59, 1-68 to 1-75. 1-88 to 1-91, 1-104 to 1 -107, 1-121, 1-137, 1-153, 1-180 to 1-189, 

2-1 to 2-4, 2-8 to 2-1 1 , 2-24 to 2-27, 2-40 to 2-43, 2-56 to 2-59, 2-68 to 2-75, 2-88 to 2-91 , 2-1 04 to 2-1 07, 2-1 21 , 2- 

137.2- 153. 2-180 to 2-189. 

50 3-1 to 3-5, 3-7 to 3-12. 3-25 to 3-28, 3-41 to 3-44, 3-57 to 3-60. 3-69 to 3-76. 3-89 to 3-92, 3-1 05 to 3-1 08, 3-122, 3- 

1 36. 3- 1 38. 3-1 54, 3-1 69. 3-171, 3-1 72, 3-1 81 to 3-1 92, 

4- 1 to 4-4, 4-8 to 4-1 1 , 4-24 to 4-27, 4-40 to 4-43, 4-56 to 4-59. 4-68 to 4-75, 4-88 to 4-91 , 4-1 04 to 4-1 07, 4-121, 4- 
137, 4-153, 4-180 to 4-189. 

5- 1 to 5-91,5-98,5-99, 

55 6-4, 6- 1 0 to 6-1 2, 6-22 to 6-27, 

7-9 to 7-12, 7-14, 7-16, 7-25 to 7-28, 7-30, 7-32. 7-41 to 7-44, 7-46, 7-48, 7-57 to 7-60, 7-62, 7-64, 7-69 to 7-76, 7-89 
to 7-92, 7-94, 7-96, 7-105 to 7-108, 7-121 to 7-123, 7-136 to 7-139, 7-153 to 7-155, 7-172, 7-181 to 7-183, 7-185 to 7- 
187. 7-190. 7-194 to 7-197, 7-206 to 7-208, 7-211 to 7-214, 7-21 7 to 7-221, 
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8- 9 to 8-1 2, 8-14, 8-16, 8-25 to 8-28, 8-30, 8-32, 8-41 to 8-44, 8-46, 8-48, 8-57 to 8-60, 8-62, 8-64, 8-69 to 8-76, 8-89 
to 8-92, 8-94, 8-96, 8-105 to 8-108, 8-121 to 8-123, 8-136 to 8-139, 8-153 to 8-155, 8-172, 8-181 to 8-183, 8-185 to 8- 
187, 8-190, 8-194 to 8-197, 8-206 to 8-208, 8-21 1 to 8-214, 8-217 to 8-221, 

9- 3, 9-9, 9-1 1 to 9-19, 9-22, 9-28, 9-30 to 9-38, 9-41, 9-47, 9-49 to 9-57, 9-60, 9-66, 9-68 to 9-76, 9-79, 9-85, 9-87 to 9- 
5 95, 9-98, 9-104, 9-106 to 9-114, 9-117, 9-123, 9-125 to 9-133, 9-136, 9-142 and 9-144 to 9-152; 

more preferred compounds are those of compound numbers 1-2, 1-9, 1-10, 1-25, 1-26, 1-41, 1-42, 1-57, 1-58, 

1- 69, 1-70, 1-73, 1-74, 1-89, 1-90, 1-105, 1-137, 1-153, 1-180 to 1-189, 

2- 2, 2-9, 2-25, 2-26, 2-41, 2-57, 2-69, 2-73, 2-89, 2-105, 2-137, 2-153, 2-180, 2-181, 2-185, 2-186, 

w 3-2, 3-7, 3-10. 3-11, 3-25 to 3-27,3-42. 3-43, 3-58, 3-59, 3-70, 3-71, 3-74. 3-75, 3-90. 3-91, 3-106, 3-107. 3-122, 3-136, 

3- 138, 3-154, 3-169, 3-171, 3-172, 3-181 to 3-192, 4-2, 4-9, 4-10, 4-25, 4-26, 4-41, 4-42, 4-57, 4-58, 4-69, 4-70, 4-73, 

4- 74, 4-89, 4-90. 4-105, 4-137, 4-153. 4-180 to 4-189, 

5- 1 , 5-2, 5-9. 5-10, 5-15 to 5-35, 5-37 to 5-40, 5-43 to 5-45, 5-68 to 5-71 , 5-74 to 5-79, 5-98, 5-99, 

7- 25 to 7-27, 7-32, 7-41 to 7-43, 7-57 to 7-59, 7-64, 7-70, 7-73 to 7-75, 7-89 to 7-91, 7-96, 7-106, 7-122, 7-138, 7-154, 
, 5 7-172, 7-181, 7-182, 7-185, 7-186, 7-194 to 7-197, 7-206 to 7-208, 7-211 to 7-214, 7-217 to 7-221, 

8- 25 to 8-27, 8-32, 8-41 to 8-43, 8-57 to 8-59, 8-64. 8-70, 8-73 to 8-75, 8-89 to 8-91, 8-96, 8-106, 8-122, 8-138, 8-154, 

8- 172. 8-181 , 8-182, 8-185, 8-186, 8-194 to 8-197, 8-206 to 8-208, 8-21 1 to 8-214, 8-217 to 8-221, 

9- 12, 9-13. 9-15, 9-16, 9-18, 9-19, 9-31, 9-32, 9-34, 9-35, 9-37, 9-38, 9-50, 9-51, 9-53, 9-54, 9-56, 9-57, 9-69, 9-70, 9- 
72. 9-73. 9-75. 9-76, 9-88, 9-89, 9-91, 9-92, 9-94, 9-95, 9-107, 9-108, 9-110, 9-111, 9-113, 9-114, 9-126, 9-127, 9-129, 

20 9-130. 9-132. 9-133. 9-145. 9-146. 9-148. 9-149. 9-151 and 9-152; 

still more preferred compounds are those of compound numbers 1-9, 1-25, 1-41, 1-57, 1-69, 1-73, 1-89, 1-180 
to 1-182. 1-185, 1-186, 

2- 25, 2-89, 

3- 10, 3-26, 3-42, 3-58, 3-70, 3-74, 3-90, 3-106, 3-181 to 183, 3-186, 3-187, 
2 5 4-9. 4-25, 4-41, 4-57, 4-69, 4-73, 4-89, 4-180, 4-181, 4-185, 4-186, 

5-15. 5-17. 5-18. 5-21 to 5-27, 5-29 to 5-35, 5-37 to 5-40, 5-44. 5-45, 5-68 to 5-71 , 5-74 to 5-77, 5-84 to 5-91 , 5-98, 5- 
99, 

7- 26. 7-42, 7-58. 7-74, 7-90, 7-181, 7-182, 7-194, 7-196, 7-212, 7-213, 7-217to 7-221, 

8- 26, 8-42, 8-58. 8-74, 8-90, 8-181, 8-^82, 8-194, 8-196, 8-212, 8-213 and 8-217 to 8-221. 
30 [0065] The followings can be exemplified as particularly preferable compounds: 

(±)-N-hydroxy-Na-methyl-Na-(4^ (Compound No. 3- 

26). 

(+)-N-hydroxy-N«-methyl-Na-(4-ph^ (Com- 
35 pound No. 5-44), 

(+)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycinamide 
(Compound No. 1 -25), 

(±)-2-[2-(5-fluoropyrimidin-2,4-dione-3-yl)ethyl^ 
mide (Compound No. 5-31), 
ao (±)-N-hydroxy-Nu-methyl-Na-(4-phenoxyb 
namide (Compound No. 5-23), 

(±)-N-hydroxy-Na-methyl-2-[2-(7-me^ (Com- 
pound No. 5-25), 

(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesuKom (Com- 
45 pound No. 5-21), 

(±)-2-[2-(1 ,1 -dioxo-1 ,2-benzisothiazol-3-one-2-y^^ 

cinamide (Compound No. 2-25), 

(±)-N-hydro>cy-Na-methyl-2-[2-(6-m^ 

mide (Compound No. 5-39), 
so (±)-N-hydroxy-Na-methyl-Na-(4-phenoxyb 

cinamide (Compound No. 5-37), 

N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2(R)-(2-phthalimidoethyl)glycinamide (Compound No. 3- 
26). 

(±)-Na-[4-(4-fluorophenoxy)benzenesulfonyl]-N-hydroxy-N^ (Com- 
55 pound No. 3-182), 

(±)-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-me%l-Na-(4-phenoxybenzenesulfonyl) 

mide (Compound No. 5-84), 

(+)-N-hydroxy-Na-methyl-Na-(4-phenoxy 
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cinamide (Compound No. 5-88), 

(±)-N-hydroxy-Na-methyl-Na-[4-(pyridin-4-yl)oxybenzenesutfonyl]-2-[2-thi 
yl)ethyl]glycinamide (Compound No. 5-98), 

(±)-2-[2-(6-chloro-1 -methylpyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-methyl-Na«(4-phenoxyben2enesulfo- 

nyl)glycinamide (Compound No. 7-212), 

(±)-N«-[4-(4-chlorophenoxy)benzenesulfonyl]-2-[2-(6^ 

lycinamide (Compound No. 7-181), 

(i)-2-[2-(6-chloropyrimidin-2,4-dto^ 

lycinamide (Compound No. 7-182), 

(t)-Na-[4-(4K;hlorophenoxy)benzenesulto^ 

yl)ethyl]glycinamide (Compound No. 8-181), 

(0N<*-[4-(4-fluorophenoxy)benzenesulfonyl]-N-hydroxy-M 

yl)ethyl]glycinamide (Compound No. 8-182), 

( * )-N<-<-{4-(3-chlorophenoxy)benzenesu1fony^ 

yl)ethyl]glycinamide (Compound No. 8-194), 

C ) Na-[4 (3-chlorophenoxy)benzenesulfonyl]-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-N-hydrox^ 
lycinamide (Compound No. 7-194), 
(0-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)e^ 
(Compound No. 7-42), 

(• )-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-Na^ 
lycinamide (Compound No. 7-196), 
(0-2-[2-(6-chloropyrimidin-2,4-dione-3-yl^^ 
cinamide (Compound No. 7-26). 

(♦)-Na-[4-(3-fluorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-(6 trifluoromethylpyrimidin-2.4-dione-3- 

yl)ethyl]glycinamide (Compound No. 8-196), 

(0-N-hydroxy-Na-methyl-Na-(4-(pyridin-4^ 

yl)ethy1]glycinamide (Compound No. 8-26), 

(i)-Na-ethyl-N-hydroxy-Na-(4-phenoxybenz 

namide (Compound No. 8-42), 

(±)-N-hydroxy-Na-methyl-2-[2-(1-methyl-6^ 

nesulfonyl)glycinamide (Compound No. 8-212), 

(i)-2-[2-(5-chloropyrimidin-2,4-dione-3^^ 

mide (Compound No. 5-35), 

N«-[4-(3-chlorophenoxy)benzenesulfon^ 

(Compound No. 1-182), 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-(thieno[3,2-d]pyrimidin-2,4-dion 
yl)ethyl]glycinamide (Compound No. 5-99), and 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-ty^ (Compound 
No. 3-183). 

[Mode for carrying out the invention] 

[0066] The compound of the formula (I) of the present invention can be prepared according to the following Method 
A to Method F. 
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(Method A) 
[0067] 



70 



20 



25 



30 



40 



45 



R 5 — 0-R 4 -S0 2 -Q 
COO-G 1 (2) 



COO— G' 
R^O-^-SOz-N^R 2 



H 2 N R 2 
d) 



Step 




COO-G 1 
R^O-R^SOa-N^R 2 



(5) 
Step 5 



R 3 a 



Deprotection 



COOH 

R 5 -0-R 4 -S0 2 -N y ' Ss R 2 
R 3 a 

(lc) 



Step 6 



Hydroxyamidation 



CONHOH 

^-O-R^SOz-N^R 2 
R 3 a 

(Id) 



(3) 



H 



Step2 \D, 



Deprotection 



COOH 

A 



R 5 — 0-R 4 -S0 2 -N n r2 

(la) H 



Step 3 



Hydroxyamidation 



CONHOH 

R 5 — O-R'-SOz-N^R 2 
H 

(lb) 



so In the above formulae, 

R 2 . R 4 and R 5 have the same meanings as defined above; 
R 3 a represents a group from the definition of R 3 other than the hydrogen atom; 
G 1 represents a carboxyl protecting group; 
55 L represents a hydroxyl group or a leaving group; and 

O represents an above-mentioned "halogen atom" (preferably a bromine atom or a chlorine atom, most preferably 
a chlorine atom). 
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[0068J The "leaving group" in the definition of L indicates a group which normally leaves as a nucleophilic residue, 
and examples of such a group include halogen atoms such as chlorine, bromine and iodine atoms; trihalogenomethyl- 
oxy groups such as trichloromethyloxy groups; lower alkanesulfonyloxy groups such as methanesulfonyloxy and 
ethanesulfonyloxy groups; halogeno lower alkanesulfonyloxy groups such as trifiuoromethanesulfonyloxy and pen- 

5 tafluoroethanesulfonyloxy groups; and arylsulfonyloxy groups such as benzenesulfonyloxy, p-toluenesulfonyloxy and p- 
nitrobenzenesulfonyloxy groups, of which halogen atoms and lower alkanesulfonyloxy groups are preferred. 
[0069] The "carboxyl protecting group" in the definition of G 1 means a protecting group which can be removed by 
a chemical process such as hydrogenolysis, hydrolysis, electrolysis and photolysis, and examples of such a group 
include similar groups to those described as the "general protecting group" relating to an "ester of a carboxyl group". 

w Preferably, it is a "lower alkyl group", a "lower alkenyl group", an "aryl group" or an "aralkyl group**, and more preferred 
is a "lower alkyl group", a "lower alkenyl group" or an "aralkyl group". 

[0070] Step 1 is a process to prepare the compound of formula (3) by reacting the amino group of the compound 
of formula (1 ) with the sulfonyl halide compound of formula (2), and the reaction is carried out in a solvent in the pres- 
ence or absence of a base. 

t5 [0071] Examples of a solvent employable here include halogenated hydrocarbons such as dichloromethane, chlo- 
roform, carbon tetrachloride and dichloroethane; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and 
dioxane; aprotic polar solvents such as N,N-dimethylformamide, N,N-dimethylacetamide and dimethyl sulfoxide; nitriles 
such as acetonitrile; esters such as methyl acetate and ethyl acetate; aromatic hydrocarbons such as benzene, toluene 
and xylene; and aliphatic hydrocarbons such as pentane, hexane and heptane. 

20 [0072] Examples of a base employable here include alkali metal alkoxides such as sodium methoxide, sodium 
ethoxide and potassium t-butoxide; alkali metal hydrides such as sodium hydride and lithium hydride; alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide; alkali metal carbonates such as sodium carbonate and 
potassium carbonate; and amines such as triethylamine, tributylamine, pyridine, picoline and 1 ,8-diazabicyclo[5.4.0]-7- 
undecene. 

25 [0073] The reaction can be carried out at a temperature of from -20°C to 150°C, preferably from 0°C to 1 00°C. 
[0074] While the reaction time varies mainly depending on the reaction temperature, the solvent used, etc., it is usu- 
ally from 1 0 minutes to 48 hours, preferably from 30 minutes to 1 2 hours. 

[0075] Step 2 is a process to prepare the compound of formula (la) of the present invention by removing the G 1 
group from the compound of formula (3), and the removal of the protecting group, which may be varied depending on 
30 the kind thereof, can be carried out according to methods generally known in the art as follows: 

[0076] In the case where a lower alkyl group or an aryl group is used as the carboxyl protecting group, it can be 
removed by treatment with an acid or a base. 

[0077] Examples of the acid include hydrochloric acid, sulfuric acid, phosphoric acid and hydrobromic acid, and the 
base is not particularly limited, provided that it does not affect other parts of the compound, and preferred examples 
35 include alkali metal carbonates such as sodium carbonate and potassium carbonate, alkali metal hydroxides such as 
sodium hydroxide and potassium hydroxide or a cone, ammonia-methanol solution. 
[0078] Incidentally, an isomerization may occur in hydrolysis with a base. 

[0079] The solvent employable here is not particularly limited, provided that it is one usually used in hydrolysis reac- 
tions and does not inhibit the reaction, and preferred examples thereof include water or mixtures of water and an 
40 organic solvent such as an alcohol, e.g. methanol, ethanol or n-propanol, or an ether, e.g. tetrahydrofuran or dioxane. 
[0080] While the reaction temperature and time vary depending on the starting material, the solvent, the reagent 
used, etc. and are not particularly limited, the reaction is usually carried out at a temperature of from 0°C to 150°C for 
the period of from 1 to 10 hours to control any side reactions. 

[0081] In the case where the carboxyl protecting group is a diaryl-substituted methyl group such as diphenylmethyi, 
45 it can be usually removed by treatment with an acid in a solvent. 

[0082] The solvent employable here is preferably an aromatic hydrocarbon such as anisole, and a fluorinated 
organic acid such as trifluoroacetic acid can be used as the acid employable here. 

[0083] While the reaction temperature and time vary depending on the starting material, the solvent, the acid used, 
etc., the reaction is usually carried out at a room temperature for a period of from 30 minutes to 10 hours. 
50 [0084] In the case where the carboxyl protecting group is an aralkyl group or a halogeno lower alkyl group, it can 
be usually removed by reduction in a solvent. 

[0085] In the case where the carboxyl protecting group is a halogeno lower alkyl group, the reduction method is 
preferably a process of a chemical reduction such as zinc-acetic acid, and in the case where it is an aralkyl group, it can 
be carried out by a catalytic reduction with a catalyst such as palladium on carbon, palladium hydroxide or platinum or 
55 by a chemical reduction with an alkali metal sulfide such as potassium sulfide or sodium sulfide. 

[0086] The solvent employable here is not particularly limited, provided that it does not affect the present reaction, 
and preferred examples thereof include alcohols such as methanol and ethanol; ethers such as tetrahydrofuran and 
dioxane; aliphatic acids such as acetic acid or mixtures of these organic solvents and water. 
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[0087] While the reaction temperature and time vary depending on the starting material, the solvent, the reduction 
method, etc., the reaction is usually carried out at a temperature of from 0°C to a room temperature for a period of from 
5 minutes to 12 hours. 

[0088] In the case where the carboxyl protecting group is an alkoxyrnethyl group, it can be usually removed by treat- 
5 ment with an acid in a solvent. 

[0089] The acid employable here is not particularly limited, provided that it is usually used as a Bronsted acid, and 
preferred examples include inorganic acids such as hydrochloric acid and sulfuric acid and organic acids such as acetic 
acid and paratoluenesulfonic acid. 

[0090] The solvent employable here is not particularly limited, provided that it does not affect the present reaction, 
to and preferred examples Include alcohols such as methanol and ethanol; ethers such as tetrahydrofuran and dioxane or 
mixtures of these organic solvents and water. 

[0091] While the reaction temperature and time vary depending on the starting material, the solvent, the kind of the 
acd used, etc., the reaction is usually carried out at a temperature of from 0°C to 100°C for a period of from 10 minutes 
to 10 hours. 

tr- [0092] When the removal of the carboxyl protecting group is carried out by treatment with ammonia according to a 
conventional method, amidation can be effected. 

[0093] If desired, aikyl metal salts can be prepared according to a conventional method by dissolving the above- 
mentioned carboxylic acid thus produced in a mixture of water and a water-immiscible organic solvent such as ethyl 
acetate, adding to this solution an aqueous alkali metal carbonate or bicarbonate solution such as an aqueous sodium 

.»*> hydrogencarbonate solution or a potassium carbonate solution at a temperature of 0°C to room temperature, then 
ari|i isiing the pH of the mixture to approximately 7, and collecting the separated precipitates by filtering. 
[0094] Further, esters re-protected with a carboxyl protecting group, which can be easily hydrolysed in vivo, can be 
prepared by reacting the salt thus prepared or the above-mentioned carboxylic acid with 2 equivalents of base (prefer- 
ably an organic base such as triethytamine or dicyclohexylamine. a hydrogenated alkali metal salt such as sodium 

:f. hydride or an alkali metal carbonate or bicarbonate such as sodium hydrogencarbonate, sodium carbonate or potas- 
sium carbonate) in a solvent (preferably an ether such as tetrahydrofuran or a polar solvent such as N,N-dimethylfor- 
mamide, dimethyl sulfoxide, hexamethylphosphoric triamide and triethyl phosphate) and reacting an aliphatic 
acyioxymethy I halide such as acetoxymethyl chloride or propionyloxymethyl bromide, a 1 -lower alkoxycarbonyloxyethyl 
halide such as 1-methoxycarbonyloxyethyl chloride or 1-ethoxycarbonyloxyethyl iodide, a phthalidyl halide or a (2-oxo- 

30 5-methyM ,3-dioxolen-4-yl)methyl halide with the reaction mixure. 

[0095] While the reaction temperature and time vary depending on the starting material, the solvent and the kind of 
the reagents, the reaction is usually carried out at a temperature of from 0°C to 100°C for a period of from 0.5 to 10 
hours. 

[0096] Step 3 is a process for hydroxyamidation of the compound of formula (la) of the present invention. The com- 
35 pound of formula (lb) of the present invention is produced by reacting the compound of formula (la) or a reactive deriv- 
ative thereof with hydroxylamine. 

[0097] In the case where the compound (la) perse is subjected to hydroxyamidation in the present step, the reac- 
tion is carried out in the presence of a condensation agent such as dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylami- 
nopropyOcaroodiimide or N.N'-carbonyldiimidazole. 

40 [0098] Examples of the solvent employable here include halogenated hydrocarbons such as dichtoromethane, 
chloroform, carbon tetrachloride and dichloroethane; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and 
dioxane; alcohols such as methanol, ethanol, propanol, isopropanol, butanol, s-butanol, isobutanol and t-butanol; apro- 
tic polar solvents such as N.N-dimethylformamide, N.N-dimethylacetamide and dimethyl sulfoxide; nitrites such as ace- 
tonitrile; esters such as methyl acetate and ethyl acetate; and water or a mixture thereof. 

as [0099] The reaction may be carried out at a temperature of from -20°C to 1 50°C, preferably from 0°C to 1 00°C. The 
reaction time is usually for a period of from 10 minutes to 48 hours, preferably from 30 minutes to 12 hours. 
[0100] In the case where the compound of formula (la) is converted into a reactive derivative first and, then, is sub- 
jected to hydroxyamidation, examples of the reactive derivative include acid halides, mixed acid anhydrides and acti- 
vated esters. 

so [0101] The acid halides can be prepared by reacting the compound of formula (la) with a halogenating agent such 
as thionyl chloride or oxalyl chloride; the mixed acid anhydrides can be prepared by reacting the compound of formula 
(la) with an acid halide such as methyl chlorocarbonate or ethyl chlorocarbonate; and the activated esters can be pre- 
pared by reacting the compound of formula (la) with a hydroxy compound such as N-hydroxysuccinimide or N-hydrox- 
yphthalimide in the presence of one of the condensation agent mentioned obove, and in each case reaction conditions 

55 usually employed in conventional organic synthetic chemistry are applied. 

[0102] It is possible to prepare the compound of formula (lb) by preparing a protected hydroxyamide using a pro- 
tected hydroxylamine such as O-benzylhydroxylamine or 0-(t-butyldimethylsilyl)hydroxylamine instead of hydroxy- 
lamine according to the present step and, then, by deprotecting it according to the method described in Step 2. 
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[0103] Step 4 is a process to prepare the compound of formula (5) by modifying the N atom in the sulfonamide moi- 
ety of the compound of formula (3). 

a) In this step, if L of the compound of formula (4) is a hydroxy! group, the Mitsunobu reaction [D.L. Hughes, Org. 
5 React., 42, 335 (1992)]is applied. 

The reagent employable in the Mitsunobu reaction is not particularly limited, provided that it can usually be 
used in the Mitsunobu reaction, and preferred examples nclude the combination of an azo compound such as a di- 
lower alkyl azodicarboxylate, e.g. diethyl azodicarboxylate or diisopropyl azodicarboxylate, or an azodicarbonyl, 
e.g. 1 ,1'-(azodicarbonyl)dipiperidine, and a phosphine such as a triarylphosphine, e.g. triphenylphosphine, or a tri- 
w lower alkylphosphine such as tri-n-butylphosphine, the combination of the di-lower alkylazodicarboxylate and the 
triarylphosphine is more preferred, and the combination of diethyl azodicarboxylate and triphenylphosphine is most 
preferred. 

The solvent employable here is not particularly limited, provided that it does not inhibit the reaction and dis- 
solves the starting material to some extent, and preferred example include aromatic hydrocarbons such as ben* 
15 zene, toluene and xylene; halogenated hydrocarbons such as methylene chloride, chloroform, carbon 
tetrachloride, dichloroethane, chlorobenzene and dichlorobenzene; esters such as ethyl formate, ethyl acetate, 
propyl acetate, butyl acetate and diethyl carbonate; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran, 
dioxane, dimethoxyethane and diethylene glycol dimethyl ether; nitriles such as acetonitrile and isobutyronitrile; 
amides such as formamide, N,N-dimethylform amide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone and hexam- 
20 ethylphosphoric triamide; sulfoxides such as dimethyl sulfoxide and sulfones such as sulfolane, of which the aro- 
matic hydrocarbons and the ethers are preferred. 

The reaction may be carried out at a temperature of from -20*0 to 150°C, preferably from 0°C to 100°C. 
While the reaction time varies mainly depending on the reaction temperature, the starting material, the reagent 
or the kind of the solvent used, it is usually for the period of from 10 minutes to 3 days, preferably from 30 minutes 
25 to 12 hours. 

b) In the case where the group L of the compound of formula (4) is a leaving group, the reaction is carried out in a 
solvent in the presence or absence of a base. 

[0104] Examples of the solvent employable here include alcohols such as methanol, ethanol, propanol and isopro- 
30 panol; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and dioxane; aprotic polar solvents such as N,N- 
dimethylformamide, N.N-dimethylacetamide and dimethyl sulfoxide; nitriles such as acetonitrile; esters such as methyl 
acetate and ethyl acetate; aromatic hydrocarbons such as benzene, toluene and xylene; and aliphatic hydrocarbons 
such as pentane, hexane and heptane. 

[0105] Examples of the base employable here include alkali metal alkoxides such as sodium methoxide, sodium 
35 ethoxide and potassium t-butoxide; alkali metal hydrides such as sodium hydride and lithium hydride; alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide; alkali metal carbonates such as sodium carbonate and 
potassium carbonate; and amines such as triethylamine, tributylamine, pyridine, picoline and 1 ,8-diazabicyclo[5.4.0]-7- 
undecene. 

[0106] Step 5 is a process to prepare the compound of formula (Ic) of the present invention by removing the G 1 
40 group of the compound of formula (5) and is carried out in a similar manner to the procedure described in Step 2. 
[0107] Step 6 is a process to prepare the compound of formula (Id) of the present invention by hydroxyamidation of 
the compound of formula (Ic) of the present invention and is carried out in a similar manner to the procedure described 
in Step 3. 

45 (Process B) 

[0108] Process B is a process to prepare the compound of formula (V), which is a compound of formula (1 ) in which 
R 2 is a group of formula -A-R 6 (in the formulae, A and R 6 have the same meanings as defined above), which is a start- 
ing material in Method A. 
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[0109] In the formulae, 

R 6 , A, G 1 and L have the same meanings as defined above; and 
5 G 2 represents an amino protecting group. 

[0110] The "amino protecting group" in the definition of G 2 means a protecting group which may be removed by a 
chemical process such as hydrogenolysis, hydrolysis, electrolysis and photolysis, and examples include the above- 
mentioned "aliphatic acyl groups 0 , the above-mentioned "aromatic acyl groups", the above-mentioned "alkoxycarbonyl 
10 groups", the above-mentioned "alkenyloxycarbonyl groups", the above-mentioned "aralkyloxycarbonyl groups", the 
above-mentioned "silyl groups" and the above-mentioned "aralkyl groups", of which the "alkoxycarbonyl groups", the 
"alkenyloxycarbonyl groups" and the "aralkyloxycarbonyl groups' are preferred, and t-butoxycarbonyl, allyloxycarbonyl 
and benzyloxycarbonyl groups are more preferred. 

[01 1 1 ] Step 7 is a process to prepare the compound of formula (8) by reacting the compound of formula (6) with the 
is compound of formula (7) and is carried out in a similar manner to procedures described in a) or b) of Step 4 above. 
[0112] Step 8 is a process to prepare the compound of formula (V) by removing the G 2 group of the compound of 
formula (8). 

[0113] The removal of the G 2 group, which may be varied depending on its kind, can be carried out according to 
methods generally known in the art, which are described below: 
20 [0114] In the case where G 2 is a silyl group, it can be conventionally removed by treatment with a compound capa- 
ble of producing a fluorine anion such as tetrabutylammonium fluoride. 

[0115] The reaction solvent is not particularly limited, provided that it does not inhibit the reaction, and preferred 
examples include ethers such as tetrahydrofuran and dioxane. 

[0116] The reaction temperature and time are not particularly limited and the reaction is usually carried out at room 
25 temperature for the period of from 10 to 1 8 hours. 

[0117] in the case where G 2 is an aliphatic acyl group, an aromatic acyl group or an alkoxycarbonyl group, it can be 
removed by treatment with an acid or a base in the presence of an aqueous solvent. 

[0118] The acid employable here is not particularly limited, provided that it is conventionally used and does not 
inhibit the reaction, and preferred examples include inorganic acids such as hydrochloric acid, sulfuric acid, phosphoric 
30 acid and hydrobromic acid, organic acids such as trifluoroacetic acid or Lewis acids such as B-bromocatecholborane 
(Lewis acids are more preferred and the B-bromocatecholborane is most preferred). 

[0119] Trie base employable here is not particularly limited, provided that it does not affect other parts of the com- 
pounds, and preferred examples include metal alkoxides such as sodium methoxide, alkali metal carbonates such as 
sodium carbonate, potassium carbonate and lithium carbonate, alkali metal hydroxides such as sodium hydroxide, 
35 potassium hydroxide and lithium hydroxide and ammonias such as aqueous ammonia and cone, ammonia-methanol. 
[0120] Incidentally, isomerization may occur in hydrolysis with a base. 

[0121] The solvent employable here is not particularly limited, provided that it is usually used in hydrolysis reac- 
tions, and preferred examples include water; organic solvents such as alcohols, e.g. methanol, ethanol and n-propanol, 
and ethers, e.g. tetrahydrofuran and dioxane, and mixtures of these organic solvents and water. 
40 [0122] While the reaction temperature and time vary depending on the starting material, the solvent, the acid or 
base used, etc. and are not particularly limited, the reaction is usually carried out at a temperature of from 0°C to 150°C 
for the period of from 1 to 10 hours to control any side reactions. 

[0123] In the case where G 2 is an aralkyl group or an aralkyloxycarbonyl group, the removal method of G 2 is pref- 
erably achieved by bringing a compound into contact with a reducing agent in a solvent (preferably a catalytic reduction 

45 at a normal temperature in the presence of a catalyst) or by using an oxidizing agent. 1 
[0124] The solvent employable in the removal by catalytic reduction is not particularly limited, provided that it does 
not affect the present reaction, and preferred examples include alcohols such as methanol, ethanol and isopropanol, 
ethers such as diethyl ether, tetrahydrofuran and dioxane, aromatic hydrocarbons such as toluene, benzene and 
xylene, aliphatic hydrocarbons such as hexane and cyclohexane, esters such as ethyl acetate and propyl acetate, 

so aliphatic acids such as acetic acid and mixtures of these organic solvents and water. 

[0125] The catalyst employable here is not particularly limited, provided that is conventionally used in catalytic 
reduction reactions, and preferred examples include palladium on carbon, palladium hydroxide. Raney nickel, platinum 
oxide, platinum black, rhodium-aluminum oxide, triphenylphosphine-rhodium chloride and palladium-barium sulfate. 
[0126] The pressure is not particularly limited and the reaction is usually carried out at a temperature of from 1 to 

55 10atms. 

[0127] While the reaction temperature and time vary depending on the starting material, the solvent and the kind of 
catalyst employed, the reaction is usually earned out at a temperature of from 0 to 1 00°C for the period of from 5 min- 
utes to 24 hours. 



88 



BNSOCCID: <EP. . 1069110A1 » > 



* t EP 1 069 110 A1 

[0128] The solvent employable in the removal by oxidation is not particularly limited, provided that it does not affect 
the present reaction, and a hydrous organic solvent is preferred. 

[0129] Preferred examples of such an organic solvent include ketones such as acetone, halogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride, nitriles such as acetonitrile, ethers such as diethyl 

5 ether, tetrahydrofuran and dioxane, amides such as N,N-dimethylformamide, N,N-dimethylacetamide and hexamethyl- 
phosphoric triamide and sulfoxides such as dimethyl sulfoxide 
. [0130] The oxidizing agent employable here is not particularly limited, provided that it is used in oxidation, and pre- 
ferred examples include potassium persulfate, sodium persulfate, cerium ammonium nitrate (CAN) and 2,3-dichloro- 
5,6-dicyano-p-benzoquinone (DDQ). 

w [0131 ] While the reaction temperature and time vary depending on the starting material, the kind of solvent and the 
catalyst, the reaction is usually carried out at a temperature of from 0°C to 150°C for the period of from 10 minutes to 
24 hours. 

[0132] In the case where G 2 is an alkenyloxycarbonyl group, the removal can usually be accomplished using con- 
ditions similar to those for the removal reaction in the case where the amino protecting group is an aliphatic acyl group, 
75 an aromatic acyl group or an alkoxycarbonyl group. 

[0133] In the case where G 2 is an allyloxycarbonyl group, particularly, the removal can be carried out easily by using 
palladium and triphenylphosphine or nickel tetracarbonyl with less side reactions. 

[0134] While the G 1 group may be removed in the present step, the carboxyl group can be protected again accord- 
ing to the following methods: 

20 

(Method 1) 

[0135] The method 1 is to react the resulting carboxylic acid derivative with a compound of formula G (wherein 
G 1 has the same meaning as defined above and L' represents a leaving group) in a solvent (the solvent employable 

25 here is not particularly limited, provided that it does not inhibit the reaction and dissolves the starting material to some 
extent, and preferred examples include aliphatic hydrocarbons such as hexane and heptane; aromatic hydrocarbons 
such as benzene, toluene and xylene; halogenated hydrocarbons such as methylene chloride, chloroform, carbon tet- 
rachloride, dichloroethane, chlorobenzene and dichlorobenzene; ethers such as diethyl ether, diisopropyl ether, tetrahy- 
drofuran, dioxane, dimethoxyethane and diethyleneglycol dimethyl ether; ketones such as acetone, methyl ethyl ketone, 

30 methyl isobutyl ketone, isophorone and cyclohexanone; nitriles such as acetonitrile and isobutyro nit rile; and amides 
such as formamide, N.N-dimethylformamide, N.N-dimethylacetamide, N-methyl-2-pyrrolidone, N-methylpyrrolidinone 
and hexamethylphosphoric triamide) in the presence of a base [the base employable here is not particularly limited, 
provided that it is used as a base in conventional reactions, and preferred examples include inorganic bases such as 
alkali metal carbonates, e.g. sodium carbonate, potassium carbonate and lithium carbonate; alkali metal hydrogencar- 

35 bonates, e.g. sodium hydrogencarbonate, potassium hydrogencarbonate and lithium hydrogencarbonate; alkali metal 
hydrides, e.g. lithium hydride, sodium hydride and potassium hydride; alkali metal hydroxides such as sodium hydrox- 
ide, potassium hydroxide, barium hydroxide and lithium hydroxide; alkali metal fluorides, e.g. sodium fluoride and potas- 
sium fluoride; alkali metal alkoxides such as sodium methoxide, sodium ethoxide, potassium methoxide, potassium 
ethoxide, potassium t-butoxide and lithium methoxide; alkali metal mercaptans such as sodium methylmercaptan and 

40 sodium ethylmercaptan; organic bases such as N-methylmorpholine, triethylamine, tributylamtne, diisopropylethyl- 
amine, dicyclohexylamine, N-methylpiperidine, pyridine, 4-pyrrofidinopyridine, picoline, 4-(N,N-dimethylamino)pyridine, 
2,6-di(t-butyl)-4-methylpyridine, quinoline, N,N-dimethylaniline, N,N-diethylaniline, 1,5-diazabicyclo[4.3.0]non-5-ene, 
1 ,4-diazabicyclo[2.2.2]octane (DABCO) and 1,8-diazabicyclo[5.4.0]-7-undecene (DBU) and organic metal bases such 
as butyllithium, lithium diisopropylamide and lithium bis(trimethylsilyl)amide] usually at a temperature of from -20°C to 

45 150°C (preferably from 0 to 1 00°C) for a period of from 0.5 to. 1 0 hours. 

(Method?) 

[0136] The method 2 is to react the resulting carboxylic acid derivatives with a compound of formula G'-OH 
so (wherein G 1 has the same meaning as defined above) in a solvent in the presence or absence of a base with the fol- 
lowing "condensation agent". 

[0137] Examples of the condensation agent employable in the present reaction include: 

(1) a combination of a phosphoric ester, such as diphenylphosphoryl azide or diethyl cyanophosphate, and a 
55 below-mentioned base; 

(2) a carbodiimide, such as 1 ,3-dicydohexylcarbodiimide, 1 ,3-diisopropylcarbodiimide or 1-ethyl-3-(3-dimethylami- 
nopropyljcarbodiimide; a combination of the carbodiimides and a below-mentioned base; or a combination of the 
carbodiimide and an N-hydroxy compound, such as N-hydroxysuccinimide, 1 -hydroxybenzotriazole or N-hydroxy- 



89 



3NS0OCID: <EP 1069110A1J_> 



EP 1069 110 A1 



5-norbornene-2,3-dicarboxyimide; 

(3) a combination of a disulfide, such as 2,2'-dipyridyl disulfide or 2,2'-dibenzothiazolyl disulfide, and a phosphine, 
such as triphenylphosphine or tributylphosphine; 

(4) a carbonate, such as N,N'-disuccinimidyl carbonate, di-2-pyridyl carbonate or S,S'-bis(1 -phenyl- 1 H-tetrazol-5- 
5 yl)dithiocarbonate; 

(5) a phosphinic chloride, such as N,N , -bis(2-oxo-3-oxazolidinyl)phosphinic chloride; 

(6) an oxalate, such as N.N'-disuccinimidyl oxalate, N.N'-diphthalimide oxalate, N,N'-bis(5-norbornene-2,3-dicarbo- 
xyimidyl)oxalate, 1,V-bis(benzotriazolyl)oxa!ate, 1 ,1'-bis(6-chlorobenzotriazolyl)oxalate or 1,V-bis(6-trifluorometh- 
ylbenzotriazolyl)oxalate; 

w (7) a combination of the phosphine and an azodicarboxylic acid ester or an azodicarboxyamide, such as diethyl 
azodicarboxylate or 1,V-(azodicarbonyl)dipiperidine; a combination of the phosphines and a below-mentioned 
base; 

(8) an N -lower alkyl-5-arylisoxazolium-3'-sulfonate, such as N-ethyl-5-phenylisoxazolium-3'-sutfonate; 

(9) a diheteroaryldiselenide, such as di-2-pyridyldiselenide; 

15 (10) an arylsulfonyltriazolide, such as p-nitrobenzenesulfonyltriazolide; 

(11) a 2-halo-1 -lower alkylpyridinium halaide, such as 2-chloro-1 -rnethylpyridinium iodide; 

(12) an imidazole, such as 1,1'-oxaryldiimidazole or N.N'-carbonyldiimidazole; 

(13) a 3-lower aikyl-2-halogen-benzothiazolium fluoroborate, such as 3-ethyl-2-chloro-benzothiazolium fluorobo- 
rate; 

20 (14) a 3-lower alkyl-benzothiazole-2-selone, such as 3-methylbenzothiazole-2-selone; 

(15) a phosphate, such as phenyldichlorophosphate or polyphosphate; 

(16) a halosulfonyl isocyanate, such as chlorosulfonyl isocyanate; 

(17) a halosilane, such as trimethylsilyl chloride or triethylsilyl chloride; 

(18) a combination of a lower alkanesulfonyl halide, such as methanesulfony! chloride, and a below-mentioned 
25 base; 

(19) an N,N,N\N'-tetra-lower alkyl haloformamidium chloride, such as N.N.N'.N'-tetramethylchloroformamidium 
chloride. 

[0138] Of these, the carbodiimides or a combination of a phosphine and an azodicarboxylic ester or azodicarboxya- 
30 mide is preferred. 

[0139] The solvent employable here is not particularly limited, provided that it does not inhibit the reaction and dis- 
solves the starting material to some extent, and preferred examples include aliphatic hydrocarbons such as hexane and 
heptane; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated hydrocarbons such as methylene 
chloride, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene and dichlorobenzene; esters such as ethyl 
35 formate, ethyl acetate, propyl acetate, butyl acetate and diethyl carbonate; ethers such as diethyl ether, diisopropyl 
ether, tetrahydrofuran, dioxane, dimethoxyethane and diethyleneglycol dimethyl ether; nitriles such as acetonitrile and 
isobutyronitrile; and amides such as formamide, N.N-dimethylformamide, N.N-dimethylacetamide, N-methyl-2-pyrro- 
lidone, N-methylpyrrolidinone and hexamethylphosphoric triamide. 

[0140] The base employable here is not particularly limited, provided that it is used as a base in conventional reac- 
40 tions, and preferred examples include organic bases such as N-methylmorpholine, triethylamine, tributylamine, diiso- 

propylethylamine, dicyclohexylamine, N-methylpiperidine, pyridine, 4-pyrrolidinopyridine, picoline, 4-(N,N- 

dimethy1amlno)pyridine, 2,6-di(t-butyl)-4-methylpyridine, quinoline, N,N-dimethylaniline and N,N-diethylaniline. 

[0141] Incidentally, 4-(N,N-dimethylamino)pyridine and 4-pyrrolidinopyridine can be used in a catalytic amount by 

combining it with other bases, and further a dehydrating agent such as molecular sieves, quaternary ammonium salts 
45 such as benzyltriethylamrnonium chloride and tetrabutylammonium chloride, crown ethers such as dibenzc-18-crown- 

6 and an acid scavenger such as 3,4-dihydro-2H-pyrid[1 ,2-a]pyrimidine-2-one can be also added thereto in order to 

effectively carry out the reaction. 

[0142] The reaction is usually carried out at a temperature of from -20°C to 100°C, preferably from 0°C to 50°C. 
[0143] The reaction time varies mainly depending on the reaction temperature, the starting material, the reagent 
50 and the kind of the solvent used, and is usually for a period of from 1 0 minutes to 3 days, preferably from 30 minutes to 
1 day. 

(Method 3 ) 

55 [0144] In the case where the protecting group is a lower alkyl group, Method 3 is a method to react the resulting 
carboxylic acid derivatives with a corresponding alcohol, such as methanol, ethanol, propanol or butanol, in a solvent 
(the solvent employable here is not particularly limited, provided that it does not inhibit the reaction and dissolves the 
starting material to some extent, and preferred examples include alcohols identical to the reagent; aliphatic hydrocar- 
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bons such as hexane and heptane; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated hydro- 
carbons such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene and 
dichlorobenzene; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane and dieth- 
yleneglycol dimethyl ether; ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone, isophorone and 

5 cyclohexanone; nitriles such as acetonitrile and isobutyronitrile; and amides such as formamide, N,N-dimethylforma- 
mide, N t N-dimethylacetamide, N-methyl-2-pyrrolidone, N-methylpyrrolidinone and hexamethylphosphoric triamide, of 
which the alcohols identical to the reagent are preferred) in the presence of an acid catalyst (the acid catalyst employ- 
able here is not particularly limited, provided that it is used as an acid catalyst in conventional reactions, and preferred 
examples include Bronsted acids such as inorganic acids, e.g. hydrogen chloride, hydrobromic acid, sulfuric acid, per- 

jo chloric acid and phosphoric acid, and organic acids, e.g. acetic acid, formic acid, oxalic acid, methanesulfonic acid, 
paratoluenesulfonic acid, trifluoroacetic acid and trifluoromethanesulfonic acid, and Lewis acids, e.g. boron trichloride, 
boron trifluoride and boron tribromide, and acidic ion-exchange resins) at a temperature of from 0°C to 150°C (prefer- 
ably from 50°C to 100°C) for a period of from 1 0 minutes to 24 hours (preferably from 30 minutes to 10 hours). 
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R 4 , R 5 , R 7 , R 8 , A, G\ G 2 and Q have the same meanings as defined above; and 
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G 3 represents an amide protecting group. 

[0147] The "amide protecting group" in the definition of G 3 means a protecting group which may be removed by a 
chemical process such as hydrogenolysis, hydrolysis, electrolysis and photolysis, and preferred examples include lower 
5 alkoxy lower alky! groups such as the above-mentioned "lower alkoxymethyl groups"; aralkyloxymethyl groups such as 
benzyloxymethyl; and 2-[tri(lower alkyl)silyl]ethoxy lower alkyl groups such as 2-(trimethylsilyl)ethoxy methyl, of which 
methoxymethyl, benzyloxymethyl and 2-(trimethylsilyl)ethoxymethyl groups. 

[0148] Steps 9, 10, 1 1 and 13 in Method C are carried out in a similar manner to the procedures described in Steps 
4, 8, 1 and 3 respectively. 

w [0149] Step 1 2 is a process to prepare the compound of formula (1 e) of the present invention by removing the two 
protecting groups (the G 1 and G 2 groups) of the compound of formula (12), and is carried out in a similar manner to the 
procedure described in Steps 2 or 8. In the present invention, while the compound of formula (13) or (14), which is a 
compound of formula (12) in which one of the protecting groups is removed, may be produced, it can be converted into 
a compound of formula (le) by further carrying out a deprotection reaction in a similar manner to the procedure 

i5 described above (Steps 12a and 12b). 
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(Method D) 
[0150) 



10 



(12) 



R 3 a — L 
(4) 



Step 14 



COO-G 1 

^-o-r'-sOz-n^a— W^y r1 

R 3 a ^^m-^d8 



(15) R> «^-R- 



20 



25 



30 



40 



45 



50 



COOH 



Deprotection 

3 

Step 15 



(16) Ra O^N^R 8 



R 5 — O — R 4 — S0 2 — f 



or 



COO-G 



R 5 — 0-R 4 -S0 2 -N^A— N^Sf 

(17) Ra O^N^St 8 



H 



or 



COOH 



RS-O-^-SC^-N^A— N^V 

(lg) R 3 a o^rrV 



Hydroxyamidation 



Step 16 



CONHOH 



R 5 — O— R' 



: 4 -S0 2 -N^\— 



(Ih) 



R 3 a 0 A N - R « 



Deprotection 



Step 15a 



Deprotection 



Step 15b 



55 



[0151] In the above formulae, 

R 3 a, R 4 , R 5 . R 7 , R 8 , A, G\ G 3 and L have the same meanings as defined above. 

[0152] Steps 14 and 1 6 in Method D are carried out in a similar manner to the procedures described in Steps 4 and 
3 in Method A respectively and Step 15 (15a and 15b) is carried out in a similar manner to the procedures described in 
Step 12 (12a and 12b). 
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[0153] 



l4» 



30 



35 



40 



45 



p 3 a 

R 5 -0-R 4 -S0 2 -Q 



H 2 N^O < 2 ' » tf-O-K'-SO,-^ _J!L 

(18) S SteP " OS) H T S ^ 



R 5 — O-R'-SO,- 



1)NaOH/EtOH-H 2 0 COO-G 1 

,OH 



w _ 2)G , -Q | 

'-so^n-^Jo £!> ^ r 5 -o-r 4 -so 2 -nAip C 

k Y Step 19 _ v L 



(20) ^ a o (22) R 3 a 

COG-G 1 

Hatogenation ^ r5 _ 0 _ r ._ S02 _ n /^ Q 

(23) k XR6 _ H 




JL .R 6 Deprotection 
5 -0-R 4 -S0 2 -N HP 



(24) R 3 a 



COOH CONHOH 

R 6 



yi. Hydroxyamidation >L ^ 

R 5 — O-R 4 -S02-N CP ► R 5 — O-R'-SOz-N OP 

1 3 Step 23 1 3 

(li) Ra R 3 a 



[01 54J In the formulae. 

R 3 a . R 4 . R 5 . R 6 . G 1 . L and Q have the same meanings as defined above; and 
p is an integer of from 1 to 6, preferably from 2 to 4. 

[0155] Steps 17, 18, 21a, 21b, 22 and 23 in Method E are carried out in a similar manner to the procedures 
described in Steps 1,4, 4-a), 4-b), 2 and 3 respectively. 

[0156] Step 19 is a process to prepare an ester derivative of formula (22) by hydrolizing the lactone compound of 
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formula (20) followed by reacting the resulting compound with a halide compound of formula (21 ). 

1 ) While the former hydrolysis reaction can be accomplished by a method generally used in organic synthetic 
chemistry, the method of treating the lactone compound of formula (20) with a base in a solvent is preferred. 

5 The base employable here is not limited, provided that it does not affect other parts of the compound, and pre- 

ferred examples include metal alkoxides such as sodium methoxide; alkali metal carbonates such as sodium car- 
bonate, potassium carbonate and lithium carbonate; alkali metal hydroxides such as sodium hydroxide, potassium 
hydroxide, lithium hydroxide and barium hydroxide and ammonia such as aqueous ammonia and cone, ammonia- 
methanol. 

w The solvent employable here is not limited provided that it is usually used in hydrolysis reactions, and preferred 

examples include water; organic solvents such as alcohols, e.g. methanol, ethanol and n-propanol, and ethers, e.g. 
tetrahydrofuran and dioxane, and mixtures of these organic solvents and water. 

While the reaction temperature and time vary depending on the starting material, the solvent, the base used, 
etc. and are not particularly limited, the reaction is usually carried out at a temperature of from 0°C to 150°C for a 

75 period of from 1 to 10 hours to control any side reactions. 

2) The latter protection reaction of the carboxyl group can be carried out in a similar manner to that described in 
Step 8. It is preferably carried out according to Method 1 described in Step 8. 

[0157] Step 20 is a process to prepare the compound of formula (23) by converting the hydroxyl group of the com- 
20 pound of formula (22) into a halogen atom and, for example, a fluorination reaction with diethylamino sulfide trrfluoride 
(DAST); a chlorination reaction with thionyl chloride, phosphorus trichloride, phosphorus pentachloride, phosphorus 
oxychloride or triphenylphosphine/carbon tetrachloride; a bromination reaction with hydrobromic acid, thionyl bromide, 
phosphorus tribromide or triphenylphosphine/carbon tetrabromide; or an iodination reaction with hydroiodic acid or 
phosphorus triiodide is carried out according to the method described in "W.J. Middleton [J. Org. Chem., 40, p. 574 
25 (1975)]." 
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(Method F) 
[0158] 

5 



R 5 — 0-R 4 -S0 2 -Q R 3 a— L 

r 0H (2\ s /~ 0H < 4 > 

H 2 N-/ < 2) » R 5 -0-R*-S02-N-^ 

^ 0H Step 24 f26) H OH Step 25 

(25) V ' 



20 



25 



30 



AO 



50 



55 



G 4 -Q 



/-OH (28) ^-O-G 4 

R 5 — 0-R 4 -S0 2 -N— ( ► R 5 — O— R 4 — S0 2 — N — ( 

I ^-OH Step 26 L ^-OH 

(27) R 3 a (29) R 3 a 



R * 7 * ^r-O-G 4 Deprotection 



yr-O-C 
R 5 — O— R 4 -S0 2 — N — ( 

I R 6 



Step 27 (3Q) k R6 S '*P 2 * 



R 5 



/—OH Oxidation /— CHO 

— 0-R 4 -S02-N— ( ► R 5 — O— R 4 -SO z — N— ( 

| V-R 6 Step 29 | \-R 6 

(31) (32) R 3 a 



Oxidation r,s_ i - v _ D 4_ cri „ M / " C00H Hydroxyamidation 



_ R s — O-tf-SOj-N-K w 



Step 30 (|k) R 3 a Step 31 



/— CONHOH 
5 — 0-R 4 -SO,-N— ( 

(II) R 3 a 



[0159] in the formulae, 
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R 3 a, FV\ R 5 , R 6 , L and Q have the same meanings as defined above; and 
G 4 represents a hydroxyl protecting group. 

[0160] The "hydroxyl protecting group" in the definition of G 4 means a protecting group which may be removed by 

5 a chemical process such as hydrogenolysis, hydrolysis, electrolysis and photolysis, and preferred example include the 
above-mentioned "silyl groups*, of which the above-mentioned "tri-lower alkylsilyl groups' are more preferred, and a tri- 
methylsilyl, triethylsilyl, isopropyldimethylsilyl and t-butyldimethylsilyt groups are particularly preferred. 
[0161 ] Step 24 is a process to prepare a compound of formula (26) by reacting the amino group of serinol (25) with 
the sulfonyl halide compound of formula (2) and is carried out in a similar manner to the procedure described in Step 1 . 

w [0162] Step 25 is a process to prepare a compound of formula (27) by modifying the N atom in the sulfonamide moi- 
ety of the compound of formula (26) and is carried out in a similar manner to the procedure described in Step 4. 
[0163] Step 26 is a process to prepare a compound of formula (29) by protecting one of two hydroxyl groups of the 
diot compound of formula (27) and is carried out, for example, by reacting it with a tri-lower alkylsilyl halide compound 
of formula (28). The reaction is carried out, for example, according to the process for the synthesis of silyl ethers 

is described in "Protective Groups in Organic Synthesis, John Wiley & Sons, New York 1991 

[0164] Step 27 is a process to prepare a compound of formula (30) by reacting the compound of formula (29) with 
the compound of formula (7) and is carried out in a similar manner to the procedure described in Step 4-a). 
[0165] Step 28 is a process to prepare a compound of formula (31 ) by removing the hydroxyl protecting group from 
the compound (30) and is carried out, for example, according to the decomposition process of silyl ethers described in 

m "Protective Groups in Organic Synthesis, John Wiley & Sons, New York 1991." 

[0166] Step 29 is a process to prepare an aldehyde compound of formula (32) by oxidizing the hydroxyl group of 
the compound of formula (31 ) and is carried out, for example, by using chromic acid, manganese dioxide, dimethyl sul- 
foxide, etc. according to the processes described in "K. Omura, A.K. Sharma and D. Swern [J. Org. Chem., 41, p. 957 
(1976)] and S.L. Huang. K. Omura and D. Swern [Tetrahedron. 34. p. 1651 (1978)]." 

.?5 [0167] Step 30 is a process to prepare a compound of formula (Ik) of the present invention by oxidizing the alde- 
hyde compound of formula (32) and is carried out by using permanganic acids, chromic acid, peroxides, oxygen, halo- 
gen, hypohalous acids, halous acids, halogen acids, nitric acid, etc. according to the processes described in T. 
Kageyama, Y. Ueno and M. Okawara [Synthesis, p. 815 (1983)] and CD. Hurd, J.W. Garrett and E.N. Osborne [J. Am. 
Chem. Soc, 55, p. 1082 (1933)] 

30 [0168] Step 31 is a process to prepare a compound of formula (II) of the present invention by hydroxyamidation of 
the compound of formula (Ik) of the present invention and is carried out in a similar manner to the procedure described 
in Step 3. 

[0169] The starting materials, namely the compounds (1), (6), (18) and (25), and side-starting materials, namely 
the compounds (2), (4), (7). (9), (21 ) and (28), are known per se or can be obtained from known compounds by treat- 
35 ment according to known methods. 

[0170] After completion of each reaction described above, the desired compound is isolated from the reaction mix- 
ture in a conventional manner. 

[0171] For example, it is obtained by neutralizing the reaction mixture as needed, removing the insoluble matters 
by filtration, if any, adding organic solvents which are not miscible each other, such as water and ethyl acetate, washing 
40 with water or the like, separating the organic layer containing the desired compound, drying it over anhydrous magne- 
sium sulfate or the like and then distilling off the solvent. 

[0172] If necessary, the desired compound thus obtained can be isolated and purified by using a conventional 
method such as recrystallization or reprecipitation and chromatography in which a method ordinarily employed for the 
isolation and purification of an organic compound in combination as needed and eluting using a proper eluant. Exam- 

45 pies of chromatography include adsorption column chromatography using a carrier such as silica gel, alumina or mag- 
nesium-silica gel type Florisil, chromatography using a synthetic adsorbent, for example, partition column 
chromatography using a carrier such as Sephadex LH-20 (product of Pharmacia), Amberlite XAD-1 1 (product of Robin 
& Haas) or Diaion HP-20 (product of Mitsubishi Chemical), ion exchange chromatography or normal-phase • reverse- 
phase column chromatography (high-performance liquid chromatography) using a silica gel or alkylated silica gel. 

so [0173] Since the compounds of formula (I) of the present invention or pharmacologically acceptable salts, esters or 
other derivatives thereof exhibit excellent excellent MMP-13 inhibiting activity and an aglycanase inhibiting activity, it is 
effective as a medicament (particularly, an agent for the prevention or treatment of arthritis, such as osteoarthritis and 
chronic rheumatism, or a medicament for inhibiting metastasis, invasion or growth of cancer), and examples of the 
administration route include oral administration in the form of tablets, capsules, granules, powders or syrups and 

55 parenteral administration in the form of injections or suppositories. Such formulations can be prepared in a known man- 
ner by using additives such as an excipient, lubricant, binder, disintegrator, stabilizer, corrigent or diluent. 
[0174] Examples of the excipient include organic excipients, e.g., sugar derivatives such as lactose, sucrose, dex- 
trose, mannitol and sorbitol; starch derivatives such as corn starch, potato starch, ot-starch, dextrin and carboxymethyl 
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starch; cellulose derivatives such as crystalline cellulose, low-substituted hydroxypropylcellulose, hydroxypropylmethyl- 
cellulose, carboxymethylcellulose, calcium carboxymethylcelluiose and sodium intern ally-crosslinked carboxymethyl- 
cellulose; gum arabic; dextran; and pullulan; and inorganic excipients, e.g., silicate derivatives such as soft silicic acid 
anhydride, synthetic aluminum silicate and magnesium aluminometasilicate; phosphates such as calcium phosphate; 

5 carbonates such as calcium carbonate; and sulfates such as calcium sulfate. 

[0175] Examples of the lubricant include stearic acid; metal salts of stearic acid such as calcium stearate and mag- 
nesium stearate; talc; colloidal silica; waxes such as bee gum and spermaceti; boric acid; adipic acid; sulfates such as 
sodium sulfate; glycol; fumaricacid; sodium benzoate; DL-leucine; sodium salts of an aliphatic acid; lauryl sulfates such 
as sodium lauryl sulfate and magnesium lauryl sulfate; silicic acid derivatives such as silicic acid anhydride and silicic 

io acid hydrate; and starch derivatives exemplified above as the excipient. 

[0176] Examples of the binders include polyvinylpyrrolidone, Macrogol and compounds similar to those exemplified 
above as the excipient. 

[0177] Examples of the disintegrator include compounds similar to those exemplified above as the excipient and 
chemically modified starch or cellulose derivatives such as sodium cross carmellose, sodium carboxymethyl starch and 
15 crosslin ked polyvinylpyrrolidone. 

[01 78] Examples of the stabilizer include paraoxybenzoate esters such as methy Iparaben and propylparaben; alco- 
hols such as chlorobutanol, benzyl alcohol and phenylethyl alcohol; benzalkonium chloride; phenol derivatives such as 
phenol and cresol; thimerosal; dehydroacetic acid; and sorbic acid. 

[0179] Examples of the corrigent include ordinarily-employed sweeteners, acidifiers and flavors. 

20 [0180] The dose of the compound (I) or a pharmacologically acceptable salt, ester or derivative thereof according 
to the present invention will vary depending on the condition, age of the patient, or administration route. Orally, it is 
administered to an adult in an amount of 0.1 mg (preferably 1 mg) a day as a lower limit and 1000 mg (preferably 100 
mg) a day as an upper limit It is desired to be administered in one to several portions depending on the condition of the 
patient. Intravenously, it is administered to an adult in an amount of 0.01 mg (preferably 0.1 mg) a day as a lower limit 

25 and 100 mg (preferably 10 mg) a day as an upper limit. It is desired to be administered in one to several portions per 
day depending on the condition of the patient. 

[Best Modes for Carrying Out the Invention] 

30 [0181 ] The present invention will hereinafter be described more specifically by examples, formulation examples and 
test examples. However the present invention is not limited to these. 

[Examples] 

35 Example 1. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine (Compound No. 3-179) 
(1) (±)-N-(tert-Butoxycarbonyl)-2-(phthalimidoethyl)g!ycine allyl ester 

[0182] Diethyl azodicarboxylate (5.7 ml, 36.2 mmol, abbreviated as DEAD hereinafter) was added dropwise to a 
to mixture of(±)-N-(tert-butoxycarbonyl)homoserine allyl ester (7.79 g, 30.0 mmol), phthalimide (4.41 g, 30 mmol), triphe- 
nylphosphine (9.45 g, 36.0 mmol) and tetrahydrofuran (75 ml) at room temperature with stirring. This mixture was 
stirred for 1 hour. The solvent of the reaction mixture was evaporated under reduced pressure. The residue was purified 
by chromatography on a silica gel column using hexane/ethyl acetate = 4/1 as the eluent to afford the desired com- 
pound (8.46 g, yield 73%) as a white powder. 

45 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.86-7.83 (2H, m), 7.74-7.70 (2H, m), 5.92-5.77 (1H, m), 5.31-5.19 (3H, m), 4.51-4.39 (3H, m), 3.80 (2H, t, J=7Hz), 
2.30-2.07 (2H. m), 1 .44 (9H. s). 

so (2) (±)-N-(4-Phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester 

[0183] 

a) Trifluoroacetic acid (14 ml) was added to a solution of(±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine 
55 allyl ester (5.60 g, 14.4 mmol), the product of (1 ) above, in dichloromethane (30 ml) with ice-cooling. This mixture 
was stirred at room temperature for 2 hours. The solvent of the reaction mixture was evaporated under reduced 
pressure. Hydrochloric acid (6N) was added to the residue and the mixture was extracted with diethyl ether. The 
water layer was made basic with potassium carbonate and extracted with ethyl acetate. The organic layer was 
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washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. Hexane 
was added to the residue and the mixture was filtered to afford a white powder (3.77g, yield 91%, de-tert-butoxy- 
carbonylated product). 

b) Triethylamine (4.5 ml, 32.4 mmol) was added to a solution of the white powder (3.71 g t 12.9 mmol), product of 
5 a) above, in dichloromethane (40 ml). A solution of 4-phenoxybenzenesulfonyl chloride (3.64 g, 13.5 mmol) in 
dichloromethane (1 0 ml) was added dropwise to the solution with ice-cooling. This mixture was stirred at room tern- 
perture for 6 hours. The solvent of the reaction mixture was evaporated under reduced pressure. Hydrochloric acid 
(1N) was added to the residue in order to make it acidic. This was extracted with ethyl acetate. The organic layer 
was washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. Dii- 
w dopropyl ether was added to the residue and the mixture was filtered to afford the desired product (6.30 g, yield 
94%) as a white powder. 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.86-7.70 (6H, m), 7.40 (2H, t, J=7Hz), 7.22 (1H, t, J=7Hz), 7.07-6.98 (4H, m), 5.77-5.60 (1H,m), 5.49 (1H, d, 
15 J=9Hz), 5.20-5.13 (2H, m), 4.36-4.22 (2H. m), 4.13-4.05 (1H, m), 3.97-3.86 (1H, m), 3.79-3.68 (1H, m), 2.20- 

2.13 (2H,m). 

(3) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester 

20 [0184] Methyl iodide (0.83 g, 5.8 mmol) and potassium carbonate (5.34 g, 38.4 mmol) were added to a solution of 
(+)-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester (2.00 g, 3.8 mmol), the product of (2) above, 
in N,N-dimethylform amide (20 ml). This mixture was stirred at room temperature for 1 hour. The insoluble material was 
removed by filtration. The filtrate was extracted with ethyl acetate and the organic layer was washed with water, dried 
over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by chromatog- 

25 raphy on a silica gel column using hexane/ethyl acetate = 3/1 as the eluant to afford the desired compound (1 .90 g, yield 
93%) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.87-7.70 (6H, m), 7.40 (2H, t, 7Hz), 7.22 (1H, t, J=7Hz), 7.08-6.98 (4H, m), 5.80-5.66 (1H, m), 5.28-5.19 (2H, m), 
30 4.78 (1H, dd, J=9Hz, 5Hz), 4.49-4.37 (2H, m), 3.88-3.70 (2H, m), 2.93 (3H, s), 2.36-2.23 (1H, m), 2.10-1.96 (1H, 
m). 

(4) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine 

35 [0185] Water (1 .75 ml), tetrakis(triphenylphosphine)palldium(0) (8.2 mg. 0.007 mmol) and pyrrolidine (0.45 ml, 5.3 
mmol) were successively added to a solution of (±)-N-methyl-N -(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethy I) gly- 
cine allyl ester (1 .88 g, 3.5 mmol), the product of (3) above, in dioxane (33 ml) and the mixture was stirred at room tem- 
perature for 4 hours. The reaction mixture was acidified with hydrochloric acid (1 N) and extracted with ethyl acetate. The 
organic layer was washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced pres- 
to sure. The crystalline residue was washed with diethyl ether to give the title compound (1.64 g, yield 94%) as a white 
powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSO-d 6 ) 5 ppm : 

7.86-7.71 (6H, m), 7.44-7.36 (2H, m), 7.24-7.1 7 (1 H, m), 7.80-6.97 (4H, m), 4.70 (1 H, dd, J=1 0Hz, 6Hz), 3.88-3.71 
45 (2H, m), 2.94 (3H, s), 2.38-2.24 (1 H, m), 2.07-1 .93 (1 H, m). 

Example 2. (±)-N-Hydroxy-N«-methyl-Nrx-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycinamide (Compound 
No. 3-26) 

so [0186] N.N'-Carbonyldiimidazole (0.60 g, 3.7 mmol) was added to a solution of(±)-N-methyl-N-(4-phenoxybenze- 
nesulfonyl)-2-(2-phthalimidoethyl)glycine (1.50 g, 3.0 mmol), the product of Example 1 , in a mixture of dichloromethane 
(15 ml) and tetrahydrofuran (7.5 ml). The mixture was stirred at room temperature for 2 hours. The reaction mixture was 
added dropwise to a mixture of aqueous hydroxylamine [50% (wt ), 1 .86 ml, 30.3 mmol], tetrahydrofuran (8 ml) and tert- 
butanol (4 ml) with ice-cooling with stirring and this was stirred for 3 hours. The reaction mixture was acidified with 

55 hydrochloric acid (1 N) and extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The residue was purified by chromatography on a silica 
gel column using ethyl acetate as the eluant to give the title compound (0.95 g, yield 61%) as a pale yellow amorphous 
solid. 
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^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.38 (1H, br.s), 7.85-7.80 (2H, m), 7.77-7.71 (2H, m), 7.62-7.59 (2H, m), 7.45-7.40 (2H, m), 729-7.17 (2H, m), 
7.09-7.06 (2H, m), 6.84-6.81 (2H, m), 4.33 (1H, dd, J=9Hz, 5Hz), 3.67-3.61 (1H, m), 3.50-3.43 (1H, m), 2.93 (3H, 
s), 2.38-227 (1H, m) ( 1.61-1.53 (1H, m). 

5 

Example 3. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(M 

(1) (±)-N-(tert-Butoxycarbonyl)-2-[2^ allyt ester 

w [0187] In a similar manner to that described in Example 1(1), a reaction was carried out using thiazolidin-2,4-dione 
instead of phthalimide to give the desired compound (yield 68%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

5.98-5.84 (1H, m), 5.38-5.23 (3H, m), 4.63 (1H, dt, J=5Hz, 1Hz), 4.43-4.34 (1H, m), 3.94 (2H, s), 3.75 (2H, t, 
is J=7Hz), 2.24-1 .98 (2H, m), 1 .46 (9H, s). 

(2) (±)-N-(4-Phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2 t 4-dione-3-yl)ethyl]glycine ailyl ester 

[0188] In a similar manner to the procedures described in Example 1(2)-a and b, reactions were carried out using 
20 (±)-N-(tert-butoxycarbonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycine allyl ester, the product of (1) above, instead of 
(+)-N-(tert-butoxycarbonyl)-2-(2-phthalimdoethyl)glycine allyl ester to afford the desired compound (yield 43%) as a 
pale yellow oil. 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 7.82-7.77 (2H, m), 7.41 (2H, t, 
J=7Hz), 7.23 (1H, t. J=7Hz), 7.08-6.99 (4H, m). 5.82-5.67 (1H, m), 5.44 (1H, d. J=10Hz), 5.27-5.21 (2H. m), 4.43 (2H. 
d, J=5Hz), 4.08-4.00 (1H, m). 3.95-3.82 (3H. m), 3.73-3.63 (1H, m), 2.14-2.06 (2H. m). 

25 

(3) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glyd ester 

[0189] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-N-(4-phenoxy- 
benzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycine allyl ester, the product of (2) above, instead of (±)-N-(4- 
30 phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the desired compound (yield 88%) as a 
colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.78-7.73 (2H, m), 7.42 (2H, t, J=8Hz), 7.23 (1H, t, J=8Hz), 7.08-6.99 (4H, m), 5.78-5.64 (1H, m), 5.37-5.19 (2H, 
35 m), 4.70 (1H, dd, J=10Hz, 6Hz), 4.48-4.36 (2H, m), 3.98 (2H, s), 3.83-3.67 (2H, m), 2.87 (3H, s), 2.29-2.17 (1H., 
m), 2.07-1.92 (1H, m). 

(4) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycine 

40 [0190] In a similar manner to that described in Example 1 (4), a reaction was carried out using (±)-N-methyl-N-(4- 
phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-y))ethyl]glycine allyl ester, the product of (3) above, instead of 
(±)-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester to give the title compound (quan- 
titative yield) as a pale yellow amorphous solid. 

45 ^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.78-7.73 (2H, m), 7.45-7.37 (2H, m), 7.25-7.1 9 (1H, m), 7.08-6.99 (4H, m), 4.22 (1H, dd, J=10Hz, 6Hz), 3.96 (2H, 
s), 3.80-3.62 (2H, m), 2.86 (3H, s). 2.32-2.18 (1H, m), 2.03-1.88 (1H, m). 

Example 4. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycina- 
so mide (Compound No. 5-44) 

[0191] In a similar manner to that described in Example 2, a reaction was carried out using (±)-N-methyl-N-(4*phe- 
noxybenzenesulfonyl)-2-[2-(thiazolidin-2,4-dione-3-yl)ethyl]glycine, product of Example 3 above, instead of (±)-N- 
methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)grycine to give the title compound (yield 60%) as a color- 
55 less amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCy 8 ppm : 

9.17 (1H, br.s), 7.78-7.20 (2H, m), 7.48-7.39 (2H, m), 7.30-7.04 (6H, m), 4.33 (1H, dd, J=8Hz, 6Hz), 3.96 (1H, d, 



101 



3NSDOCID: <EP 108911QA1J_> 



EP1 069110 A1 



J=18Hz), 3.94 (1H, d. J=18Hz), 3.58-3.51 (1H, m). 3.45-3.38 (1H, m), 2.86 (3H, s), 2.30-2.21 (1H, m), 1.67-1.53 
(1H, m). 

Example 5. (±)-N-Methyl-N-(4-phenoxybenzen^^ (Compound No. 

1-178) 

(1 ) (±)-2-[2-(1-Benzyloxymethylquinazo^ allyl ester 

[0192) In a similar manner to that described in Example 1(1), a reaction was carried out using 1-benzyloxymethyl- 
quinazolin-2,4-dione instead of phthalimide to afford the desired compound (yield 76%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.18 (1H, dd, J=8Hz, 1Hz), 7.67 (1H, dt, J=8Hz, 1Hz), 7.48 (1H, br.d, J=8Hz), 7.31-7.25 (6H, m), 5.88-5.66 (3H, m), 
5.53 (1H, br.d, J=9Hz), 5.24 (1H, br.d, J=17Hz), 5.16 (1 H, br.d, J=10Hz). 4.71 (2H, s), 4.49-4.42 (3H, m), 4.28-4.10 
(2H, m), 2.24-2.17 (2H, m). 

(2) (±)-2-[2-(1 -Benzyloxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine allyl ester 

[0193] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-(tert-butoxycarbonyl)glycine allyl ester, the product of (1) 
above, instead of (±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the desired compound 
(yield 88%) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.15 (1 H, dd, J=8Hz, 1Hz), 7.82-7.77 (2H, m), 7.67 (1 H, dt, J=8Hz, 1Hz), 7.48 (1H, br.d, J=8Hz), 7.43-7.35 (2H, m). 
7.32-7.18 (7H, m), 7.05-6.94 (4H, m) t 5.90 (1H, d, J=9Hz), 5.68-5.54 (3H, m), 5.15-5.08 (2H, m), 4.71 (2H, s), 4.35- 
4.03 (5H, m), 2.37-2.23 (1H. m), 2.18-2.05 (1H, m). 

(3) (±)-2-[2-(1-Benzy!oxymethylquinazorm-2A allyl 
ester 

[0194] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-2-[2-(1-benzy- 
loxymethylquinazolin-2,4-dione-3-yl)ethyl)-N-(4-phenoxybenzensulfonyl)glycine allyl ester, the product of (2) above, 
instead of (±)-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the desired compound 
(quantitative yield) as a pale yellow oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.16 (1H, dd, J=8Hz, 1Hz), 7.80-7.74 (2H, m), 7.67 (1H, dt, J=8Hz, 1Hz), 7.48 (1H, br.d, J=8Hz), 7.43-7.36 (2H, m), 
7.31-7.18 (7H, m). 7.08-6.97 (4H, m), 5.82-5.67 (3H, m), 5.28-5.18 (2H, m), 4.83 (1H, dd, J=1 1Hz, 6Hz), 4.70 (2H t 
s), 4.50-4.37 (2H, m), 4.22-4.04 (2H, m), 2.98 (3H, s), 2.33-2.20 (1H, m), 2.13-1.98 (1H, m). 

(4) (±)-2-[2-(1-Benzyloxymethylquinazolin-2,4^ 

[0195] In a similar manner to that described in Example 1(4), a reaction was carried out using (±)-2-[2-(1-benzy- 
loxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzensulfonyl)glycine allyl ester, the product of (3) 
above, instead of (±)-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the 
desired compound (yield 99%) as a pale yellow amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

8.15 (1H, dd, J=8Hz, 1Hz), 7.78-7.72 (2H, m), 7.67 (1H. dt, J=8Hz, 1Hz), 7.47 (1H. br.d. J=8Hz), 7.40-7.23 (8H, m), 

7.16 (1H, br.t, J=8Hz). 7.04-6.95 (4H, m), 5.69 (2H, br.s), 4.82 (1H, dd, J=10Hz, 6Hz), 4.68 (2H, s), 4.18-3.99 (2H, 
m). 3.70 (2H, s), 2.96 (3H. s), 2.35-2.22 (1H. m), 2.09-1.95 (1H, m). 

(5) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl) glycine 
[0196] 

a) A solution of (±)-2-[2-(l-benzyloxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfo- 
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nyl)glycine (1.89 g, 3.0 mmol), the product of (4) above, in tetrahydrofuran (30 ml) was added to a suspension of 
palladium hydroxide (20%, containing 50% water, 0.42 g, 0.30 mmol) in methanol (30 ml). The mixture was stirred 
vigorously under a hydrogen atmosphere at 50°C for 2 hours. The reaction mixture was filtered and the filtrate was 
concentrated under reduced pressure to afford (±)-2-[2-(l-hydroxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-methyl- 
5 N-(4-phenoxybenzenesulfonyl)glycine (1 .62 g) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.15 (1H, dd, J=8Hz, 1Hz), 7.75-7.65 (3H, m) t 7.45 (1H, br.d, J=8Hz), 7.42-7.33 (2H, m), 7.29-7.16 (2H, m), 
7.06-6.94 (4H, m), 5.68 (1H, d, J=1 1Hz), 5.58 (1H, d, J=1 1Hz), 4.79 (1H, dd, J=10Hz, 6Hz), 4.19-4.03 (2H, m), 
w 2.91 (3H, s), 2.35-2.21 (1 H, m), 2.07-1 .92 (1 H, m). 

b) After addition of an aqueous solution of sodium hydroxide (1N, 15 ml) to a solution of the 1 -hydroxymethyl com- 
pound, product of a) above, in tetrahydrofuran (30 ml), the mixture was stirred for 1 hour. The reaction mixture was 
neutralized with hydrochloric acid (6N) and extracted with ethyl acetate. The organic layer was washed with water, 
15 dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residual solid was 
washed with diethyl ether to give the title compound (1 .33 g, yield 87%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSO-d 6 ) 5 ppm : 

10.60 (1H, br.s), 8.06 (1H, br.d, J=8Hz), 7.83-7.77 (2H, m), 7.55 (1H, dt, J=8Hz, 1Hz), 7.43-7.35 (2H, m), 7.23- 
20 7.14 (3H, m), 7.08-6.97 (4H, m), 4.76 (1H, dd, J=1 1Hz, 6Hz), 4.18-4.00 (2H, m), 2.98 (3H, s), 2.38-2.24 (1H, 

m), 2.12-1 .96 (1H,m). 

Example 6. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenzenes 
mide (Compound No. 1-25) 

25 

[01 97] In a similar manner to that described in Example 2, a reaction was carried out using (±)-N-methyl-N-(4-phe- 
noxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl] glycine, the product of Example 5, instead of (l)-N-methyt- 
N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine to give the title compound (yield 93%) as a white powder. 

30 Melting Point : 126 - 128°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-cy 8 ppm : 

11.45 (1H, s), 10.76 (1H, d, J=1HZ). 8.95-8.94 (1H, m), 7.91 (1H, d, J=7Hz), 7.79-7.76 (2H, m), 7.68-7.64 (1H, m), 
7.47-7.41 (2H, m), 7.26-7.05 (7H, m), 4.32 (1H, dd, J=9Hz, 6Hz), 3.80-3.68 (2H, m), 2.95 (3H, s), 1.94-1.75 (2H, 
m). 

35 

Example 7. (+)-N-(4-Phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine (Compound No. 1-177) 

(1) (±)-2-[2-(l-Benzyloxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesu]fonyl)glycine 

40 [01 98] In a similar manner to that described in Example 1 (4), a de-allylation reaction was carried out using (±)-2-[2- 
(1-benzyloxymethylquinazolin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzensulfonyl)glycine ally! ester, product of Example 
5(2), to afford the desired compound (quantitative yield) as a pale yellow amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 
45 8.14 (1H, dd, J=8Hz, 1Hz), 7.80-7.74 (2H, m), 7.38 (1H, dt, J=8Hz, 1Hz), 7.48 (1H, br.d, J=8Hz), 7.42-7.34 (2H, m), 
7.31-7.17 (7H, m), 7.05-7.01 (2H, m), 6.98-6.93 (2H, m), 5.92 (1H, br.d, J=9Hz), 5.68 (2H, br.s), 4.68 (2H, s), 4.24- 
4.02 (3H, m), 2.35-2.22 (1H, m), 2.16-2.04 (1H, m). 

(2) (+)-N-(4-Phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine 

so 

[0199] In a similar manner to the procedures described in Example 5(5)-a and b, a de-benzyloxymethylation reac- 
tion was carried out using (±)-2-[2-(1-benzyloxymethylquinazolin-2.4-dione-3-yt)ethyl]-N-(4-phenoxybenzenesulfo- 
nyl)glycine, the product of(l ) above, to give the title compound (yield 89%) as a white powder. 

55 1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-dg) 8 ppm : 

11.43 (1H, s), 8.19 (1H, br.d, J=9Hz), 7.91 (1H, br.d, J=7Hz), 7.80-7.75 (2H, m), 7.66 (1H, dt, J=7Hz, 1Hz), 7.49- 
7.42 (2H, m), 7.27-7.03 (7H, m), 4.02-3.77 (3H, m), 2.02-1.72 (2H, m). 
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Example 8. (±)-N-Hydroxy-Na-(4-phenoxybenzen^ (Com- 
pound No. 1-9) 

[0200] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]gtycine to give the title compound (yield 73%) as a 
white powder. Melting Point : 184- 185°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-d 6 ) 5 ppm : 

1 1.42 (1H, s), 1 0.58(1 H, d, J=2Hz), 8.90 (1H, d, J=2Hz), 8.10 (1H, d, J=9Hz), 7.92-7.90 (1 H, m), 7.80-7.75 (2H, m). 
7.67-7.63 (1H, m), 7.47-7.40 (2H f m), 7.25-7.16 (3H, m), 7.11-7.04 (4H, m), 3.89-3.82 (1H, m), 3.78-3.67 (2H, m), 
1.86-1.76 (1H, m), 1.69-1.60 (1H, m). 

Example 9. (±)-N-(4-Methoxybenzensulfonyl)-2-[2-(pyrimidin-2 l 4-dione-3-yl)ethyl]glycine 

(1 ) (±)-2-[2-(1-Benzytaxymethylpyrimidin-2,4-dione-3-yl)ethyl)-N-(tert-butoxycaroony^ ally! ester 

[0201] In a similar manner to that described in Example 1 (1), a reaction was carried out using 1 -benzyloxymethyl- 
pyrimidine-2,4-dione instead of phthatimtde to afford the desired compound (yield 78%) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.36-7.30 (5H, m), 7.24 (1H, d, J=8Hz), 5.96-5.82 (1H, m), 5.74 (1H, d. J=8Hz), 5.50 (1H, br.d. J=9Hz), 5.35-5.21 
(4H, m), 4.64 (2H, s). 4.57 (2H, br.d, J=6Hz), 4.48-4.37 (1H, m), 4.12-3.95 (2H, m), 2.17-2.09 (2H, m). 

(2) (±)-2-[2-(1 -Benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-methoxybenzenesulfonyl)glycine allyl ester 

[0202] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl]-N-(tert-butoxycarbonyl)glycine allyl ester, the product of (1) 
above, instead of(±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester and using 4-methoxybenzenesul- 
fonyl chloride instead of 4-phenoxy benzenes ulfony I chloride to afford the desired compound (yield 93%) as a colorless 
oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCl 3 ) 5 ppm : 

7.81-7.76 (2H, m), 7.36-7.30 (5H, m), 7.24 (1H, d, J=8Hz), 6.95-6.89 (2H, m). 5.80-5.62 (3H. m), 5.23-5.14 (4H, m), 
4.64 (2H, s), 4.39^.27 (2H, m), 4.20-4.04 (2H, m), 3.97-3.87 (1H, m), 3.84 (3H, s), 2.25-1.98 (2H, m). 

(3) (±)-2-[2-(1-Benzyloxymethylpyrimidin-2,4-dione-3^ 

[0203] In a similar manner to that described In Example 1 (4), a de-allylation reaction was carried out using (±)-2-[2- 
(1-benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-methoxybenzenesuIfonyl)glycine allyl ester, product of (2) 
above, to afford the desired compound (yield 25%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.81-7.76 (2H, m), 7.35-7.27 (6H, m), 6.96-6.91 (2H, m) t 5.90 (1 H, br.d, J=9Hz), 5.76 (1H, d, J=8Hz), 5.23 (2H, s), 

4.63 (2H, s), 4.10-3.88 (3H, m), 3.84 (3H, s), 2.38-2.15 (1H, m), 2.08-1.97 (1H, m). 

(4) (±)-N-(4-Methoxybenzensulfonyl)-2-[2-(pyrimidin-2,4-dione-3-yl)ethyl]glycine 

[0204] In a similar manner to the procedures described in Example 5(5)-a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-methoxybenzenesulfonyl)glycine, the product of (3) 
above, to give the title compound (yield 89%) as a white powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSO-d 6 ) 5 ppm : 

10.47 (1H, br.d, J=6Hz), 7.83-7.77 (2H, m), 7.13 (1H, dd, J=8Hz, 6Hz), 6.97-6.92 (2H, m), 6.05 (1H, br.d, J=9Hz), 

6.64 (1H, dd, J=8Hz, 1Hz), 4.14-3.88 (3H, m), 3.85 (3H, s), 2.23-1.97 (2H, m). 
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Example 10. (±)-N-Hydroxy-Na-(4-methoxybe^^ (Com- 
pound No. 5-43) 

[0205] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
5 N-(4-methoxybenzensulfonyl)-2-[2-(pyrimidin-2,4-dione-3-yl)ethyl]glycine to give the title compound (yield 59%) as a 
pale pink powder. 

Melting Point : 1 12 - 1 15°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-cy 5 ppm : 
w 11.09 (1H, br.d, J=6Hz), 10.53 (1H, br.s), 8.87 (1H, br.s), 7.93 (1H. d, J=9Hz), 7.73-7.66 (2H, m), 7.40 (1H, dd, 

J=8Hz, 6Hz), 7.06-7.01 (2H, m), 5.55 (1H, dd, J=8Hz. 1Hz), 3.82 (3H, s), 3.75-3.54 (3H, m), 1.77-1.68 (1H, m), 
1.58-1.49 (1H, m). 

Example 11. (i)-N-(4-Methoxybenzenesulfonyl)-2-[2-(quinazo!in-2,4-dione-3-yl)ethyl]glycine (Compound No. 1-168) 

75 

(1 ) (±)-N-(tert-Butoxycarbonyl)-2-[2-[1 -(2-trimethylsilyl)ethoxymethylquinazolin-2,4-dione-3-yl]ethyl]glycine benzyl ester 

[0206] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-N-(tert-butoxy« 
carbonyl)homoserine benzyl ester, instead of (±)-N-(tert-butoxycarbonyl)homoserine alryl ester, and 1 -(2-trimethylsi- 
20 lyl)ethoxymethylquinazolin-2,4-dione, instead of phthalimide, to afford the desired compound (yield 79%) as a colorless 
oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 6 ppm : 

8.17 (1 H. dd. J=8Hz, 1Hz), 7.66 (1H, dt, J=8Hz, 1Hz). 7.43 (1 H. br.d. J=8Hz), 7.39-7.25 (6H. m). 5.55-5.51 (3H. m). 
25 5.02 (1H, br.d, J=13Hz), 4.96 (1H, br.d, J=13Hz), 4.53-4.45 (1H, m), 4.30-4.12 (2H, m), 3.75-3.68 (2H, m), 2.26- 
2.1 7 (2H, m). 1 .44 (9H, s), 0.98-0.91 (2H, m), -0.02 (9H, s). 

(2) (±)-N-(4-Methoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl)glycine benzyl ester 

30 [0207] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(±)-N-(tert-butoxycarbonyl)-2-[2-[1-(2-trimethylsilyl)ethoxymethylquinazolin-2,4-dione-3-yl]e benzyl ester, 

the product of (1) above, instead of (±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester, and using 4- 
methoxybenzenesulfonyl chloride instead of 4-phenoxybenzenesulfonyl chloride to afford the desired compound (yield 
27%) as a pale yellow powder. 

35 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

9.57 (1H, br.s), 8.07 (1H, br.d, J=8Hz), 7.79-7.74 (2H, m), 7.61 (1H, dt, J=8Hz, 1Hz), 7.29-7.09 (7H, m), 6.88-6.83 
(2H, m). 6.24 (1H, br.d, J=9Hz), 4.85 (1H, d, J=13Hz), 4.76 (1H, d, J=13Hz), 4.32-4.02 (3H, m), 3.82 (3H, s), 2.46- 
2.05 (2H, m). 

40 

(3) (±)-N-(4-Methoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine 

[0208] In a similar manner to that described in Example 5(5)a, a de-benzylation reaction was carried out using (±)- 
N-(4-methoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine benzyl ester, the product of (2) above, to 
as give the title compound (yield 85%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 5 ppm : 

12.69 (1H, br.s). 11.42 (1H, s), 8.05 (1H, br.d, J=9Hz), 7.91 (1H, d. J=8Hz), 7.72-7.63 (3H, m), 7.22-7.16 (2H. m), 
7.05-7.01 (2H, m), 4.00-3.93 (1H, m), 3.87-3.74 (5H, m), 1.98-1.89 (1H, m), 1.82-1.73 (1H, m). 

50 

Example 12. (±)-N-Hydroxy-Na-(4-methoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl]e%l]gIycinamide (Com- 
pound No. 1-2) 

[0209] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
55 N-(4-methoxybenzenesuIfonyl)-2-[2-(quinazolin-2,4-dione-3-yl]ethyl]glycine, the product of Example 1 1 , to give the title 
compound (yield 83%) as a white powder. 

Melting Point: 173 - 174°C (decomposition) 
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'H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-ds) 6 ppm : 

11.41 (1H, br.s), 10.56 (1H, br.s), 8.87(1 H, br.s). 7.96-7.90 (2H, m), 7.73-7.63 (3H, m), 7.22-7.15 (2H, m), 7.04-7.00 
(2H,m), 3.90-3.65 (6H, m), 1.89-1.75 (1H, m), 1.68-1.59 (1H. m). 

Example 13. (±)-N-Methyl-N-(4-phenoxybenzenesulfo^ 

(1 ) (±)-2-[2-(1 -Benzyloxymethylpyrimidin-2^ benzyl ester 

[0210] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-N-(tert-butoxy- 
carbonyhhomoserine benzyl ester, instead of (±)-N-(tert-butoxycarbonyl)homoserine allyl ester, and using 1-benzy- 
loxymethy1pyrimidine-2,4-dione, instead of phthalimide, to afford the desired compound (yield 74%) as a pale yellow oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.47-7.30 (10H, m), 7.21 (1H, d, J=8Hz) p 5.70 (1H, d, J=8Hz), 5.54 (1H, d, J=9Hz), 5.19 (2H, s), 5.10 (2H, s), 4.63 
(2H, s), 4.50-4.42 (1H, m), 4.08-3.97 (2H, m), 2.18-2.10 (2H, m), 1.44 (9H, s). 

(2) (±)-2-[2-(1 -Benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine benzyl ester 

[021 1 ] In a similar manner to the procedures described in Example 1 (2) -a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethylpyrimidin-2,4-d^ benzyl ester, the product of 

(1) above, instead of (+)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the desired com- 
pound (yield 79%) as a pale yellow oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 6 ppm : 

7.79-7.73 (2H, m), 7.42-7.28 (10H, m), 7.24-7.17 (4H, m). 7.04-6.99 (2H, m), 6.94-6.89 (2H, m), 5.91 (1H, d, 
J=9Hz) : 5.69 (1 H, d, J=8Hz), 5.19 (2H, s), 4.93 (1 H, d, J=12Hz), 4.84 (1 H, d, J=12Hz), 4.63 (2H, s), 4.21-4.08 (2H, 
m), 3.98-3.89 (1H, m), 2.32-2.19 (1H, m), 2.12-2.00 (1H, m). 

(3) (±)-2-[2-(l-BenzyloxyTnelhylpyrimidin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-^ benzyl 
ester 

[021 2] In a similar manner to that described in Example 1 (3), a methylation reaction was carried out using (±)-2-[2- 
(1-benzyloxymethylpyrimidin-2,4-dione-3-yl)ethyl}-N-(4-phenoxybenzenesulfonyl)glycine benzyl ester, the product of 

(2) above, to afford the desired compound (yield 92%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 6 ppm : 

7.74-7.68 (2H, m) t 7.44-7.36 (2H, m), 7.35-7.28 (8H, m), 7.25-7.19 (4H, m), 7.06-7.01 (2H, m), 6.93-6.87 (2H, m), 
5.74 (1H, d, J=8Hz), 5.23 (2H, s), 5.02 (1H t d, J=12Hz), 4.93 (1H, d, J=12Hz), 4.82 (1H, dd, J=10Hz, 5Hz) ( 4.62 
(2H, s), 4.16-3.96 (2H. m), 2.89 (3H, s), 2.28-2.15 (1H, m) ? 2.08-1.93 (1H, m). 

(4) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(pyrimidin-2,4-dione-3-yl)ethyl]glycine 

[0213] In a similar manner to the procedures described in Example 5(5)-a and b, de-benzylation and de-benzy- 
loxymethylation reaction were carried out using (±)-2-[2-(1-benzyloxymethylpyrimidin-2,4-dione-3-yi)ethyl]-N-methyl-N- 
(4-phenoxybenzenesulfonyl)glycine benzyl ester, the product of (3) above, to give the title compound (yield 85%) as a 
colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

9.90-9.88 (1H, m), 7.77-7.12 (2H, m). 7.45-7.34 (2H, m), 7.23-7.17 (2H, m), 7.06-6.99 (4H, m), 5.76 (1H, d. J=8Hz). 
4.76 (1 H, t, J=7Hz), 3.96 (2H, t. J=7Hz), 2.86 (3H, s). 2.34-2.09 (1H, m), 1 .97-1 .84 (1H, m). 

Example 14. (±)-N-Hydroxy-Na-methyl-Na-(4-phenox 
mide (Compound No. 5-29) 

[0214] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(pyrimidin-2,4-dione-3-yl)ethyl]glycine, product of Example 13, to give 
the title compound (yield 87%) as a colorless amorphous solid. 
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'H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

10.05 (1H, s), 10.04 (1 H, s), 8.53 (1H, s), 7.70 (2H, d, J=9Hz), 7.42-7.38 (2H, m), 7.25-7.19 (2H, m), 7.07-6.98 (4H, 
m), 5.73 (1H, d, J=10Hz), 4.12 (1H, dd, J=14Hz, 7Hz), 3.80 (2H, t, J=6Hz), 2.84 (3H, s), 2.30-2.22 (1H, m). 1.58- 
1.53 (1H, m). 

5 

Example 15. (±)-2-[2-(5-Methylpyrimidin-2,4-dione^ 

(1) (±)-2-[2-(1 -Benzyloxymethyl-5-methylpyrimidin-2,4-dione-3^ benzyl ester 

to [0215] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-N-(tert-butoxy- 
cart>onyl)homoserine benzyl ester, instead of (±)-N-(tert-butoxycartoonyl)homoserine allyl ester, and using 1-benzy- 
luxymethyl-5-methylpyrimidine-2,4-dione, instead of phthalimide, to afford the desired compound (yield 51 %) as a white 
powder. 

rr- 'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.34-7.28 (10H, m), 7.06 (1H, s), 5.71 (1H, d, J=8Hz), 5.20 (2H, s), 5.13 (1H, d, J=12Hz), 5.08 (1H, d, J=12Hz), 
4.60 (2H, s), 4.18-4.07 (3H, m), 3.58-3.47 (1H, m), 2.19-2.09 (1H, m), 1.98-1.82 (4H. m), 1.55 (9H, s). 

(2) ( * )-2-[2-(1 -Benzyloxymethyl-5-methylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine benzyl 
pa ester 

[0216] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(M-2-[2-(l-benzyloxymethyl-5-methylpyrimidin-2,4-dione-3-yl)ethyl]-N-(tert-butoxycarbonyl)glycine benzyl ester, the 
product of (1) above, instead of (±)-N-(tert-butoxycarbonyl)-2-(2-phthanmidoethyl)glycine allyl ester to afford the desired 
?5 compound (yield 64%) as a colorless amorphous solid. 

■H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.77 (2H, d, J=9Hz), 7.39 (2H, t, J=8Hz), 7.35-7.27 (8H, m), 7.22-7.15 (2H, m), 7.06-7.00 (3H, m), 6.92 (2H, dt, 
J=9Hz, 3Hz), 5.95 (1H, d, J=9Hz), 5.18 (2H, s). 4.90 (1H, d, J=12Hz), 4.B4 (1 H, d, J=12Hz), 4.61 (2H, s), 4.22-4.08 
30 (2H : m), 4.00-3.90 (1H, m), 2.32-2.20 (1H, m), 2.12-1.99 (1H, m), 1.86 (3H, s). 

(3) (i)-2-[2-(1-Benzyloxymethyl-5-methylpyri^ 
cine benzyl ester 

35 [021 7] In a similar manner to that described in Example 1 (3), a methylation reaction was carried out using (±)-2-[2- 
(1 -benzyloxymethyl-5-methylpyrimidin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine benzyl ester, the 
product of (2) above, to afford the desired compound (yield 94%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 6 ppm : 
40 7.71 (2H, d, J=5Hz), 7.43-7.24 (1 1H, m), 7.22-7.17 (2H, m), 7.06-7.02 (3H, m), 6.90 (2H, d, J=5Hz), 5.23 (2H, s), 

5.01 (1H, d, J=12Hz), 4.96 (1H, d, J=12Hz), 4.86-4.78 (1H, m), 4.61 (2H t s), 4.08-3.96 (2H, m), 2.86 (3H, s), 2.34- 
2.18 (1H, m). 2.12-2.00 (1H, m), 1.58 (3H. s). 

(4) (±)-2-[2-(5-Methylpyrimidin-2,4-dione-3-^ 

45 

[0218] In a similar manner to the procedures described in Example 5(5)-a and b, de-benzylation and de-benzy- 
loxymethylation reactions were carried out using (+)-2-[2-(1-benzyloxymethyl-5-methylpyrimidin-2,4-dione-3-yl)ethyl]- 
N-methyl-N-(4«phenoxybenzenesulfonyl)glycine benzyl ester, the product of (3) above, to give the title compound (yield 
39%) as a white powder. 

50 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

9.79 (1H. d. J=3Hz). 7.74 (2H. d, J=5Hz). 7.38 (2H, t, J=3Hz). 7.31-7.22 (1H. m), 7.08-6.95 (5H. m), 4.78 (1H. t, 
J=9Hz), 3.99 (2H, t, J=3Hz), 3.82 (3H. s), 2.30-2.18 (1H, m). 2.10-1.95 (1H, m), 1.57 (3H, s). 

55 Example 16. (±)-N-Hydroxy-2-[2-(5-methylpyrimidin-^ 
nyl)glycinamide (Compound No. 5-33) 

[0219] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 



107 



3NSDOCID:<EP I069H0A1 I > 



EP1 069110 A1 



2-[2-(5-methylpyrimidin-2,4-dione-3-yl)ethyl]-N^^ the product of Example 

15, to give the title compound (yield 65%) as a white powder. 

Melting Point: 166 - 167°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 8 ppm : 

10.93 (1H, s) t 10.73(1H, s), 8.94 (1H, s), 7.77 (2H, d, J=9Hz), 7.45 (2H, t, J=8Hz), 7.30 (1H, d, J=5Hz), 7.25 (1H, 
t, J=7Hz), 7.14-7.06 (4H ( m), 4.27 (1H, dd, J=9Hz, 6Hz), 3.65-3.53 (2H ( m), 2.92 (3H, s), 1.76-1.66 (5H, m). 

Example 17. (±)-2-[2-(5,6-Dimethylpyrimidin-2,4-dione-3-yI)^ 
(Compound No. 4-1 78) 

(1 ) (+)-2-[2-(1 -Benzytoxymethyl-5,6-dimethylpyrimidin-2,4-dione benzyl ester 

[0220] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-N-(tert-butoxy- 
carbonyl)homoserine benzyi ester, instead of (±)-N-(tert-butoxycarbony))homoserine allyl ester, and using 1-benzy- 
loxymethyl-5-methylpyrimidine-2,4-dione, instead of phthalimide, to afford the desired compound (yield 69%) as a pale 
yellow oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.33-7.26 (10H. m), 5.56 (1H, d, J=9Hz), 5.41 (2H, s), 5.08 (2H, s), 4.65 (2H, s), 4.48-4.41 (1H, m), 4.10-4.01 (2H. 
m), 2.31 (3H, s), 2.17-2.07 (2H, m), 1.91 (3H, s), 1.44 (9H, s). 

(2) (±)-2-[2-(t-Benzyloxymethyl-5,6-dime^ ben- 
zyl ester 

[0221] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethyl-5,6-dimethylpyrimidm^^ benzyl ester, 

the product of (1) above, instead of (±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester to afford the 
desired compound (yield 28%) as a pale yellow oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.79-7.74 (2H. m), 7.42-7.15 (13H, m), 7.04-6.99 (2H, m). 6.94-6.88 (2H, m), 6.02 (1H, d, J=10Hz), 5.40 (2H, s), 
4.91 (1H, d, J=12Hz). 4.81 (1H, d, 12Hz), 4.65 (2H, s), 4.19-4.08 (2H, m), 3.99-3.89 (1H, m), 2.33-2.14 (4H, m), 
2.11-1.99 (1H, m), 1.90 (3H, s). 

(3) (±)-2-[2-(1-Benzyloxymethyl-5,6-dimethylpyrim^^ 
nyl)glycine benzyl ester 

[0222] In a similar manner to that described in Example 1 (3), a methylation reaction was carried out using (±)-2-[2- 
(1 -benzyloxymethyl-5,6-dimethylpyrimidin-^ benzyl ester, the 

product of (2) above, to afford the desired compound (quantitative yield) as a pale yellow oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.78-7.68 (2H, m), 7.43-7.19 (13H, m), 7.05-7.01 (2H, m), 6.93-6.87 (2H, m), 5.45 (2H, s), 5.01 (1H, d, J=12Hz), 
4.93 (1H, d, J=12Hz), 4.82 (1H, dd, J=10Hz, 5Hz), 4.64 (2H, s). 4.14-3.93 (2H, m), 2.91 (3H, s), 2.33 (3H, s), 2.26- 
2.1 3 (1 H, m), 2.07-1 .94 (4H, m). 

(4) (±)-2-[2-(5,6-Dimethylpyrimidin-2,4^ 

[0223] In a similar manner to the procedures described in Example 5(5)-a and b, de-benzylation and de-benzy- 
loxymethylation reactions were carried out using (±)-2-[2-(1-benzyloxymethyl-5,6-dimethylpyrimidin-2,4-dione-3- 
yl)ethyl]-N-methyl-N-(4-phenoxybenzenesutfonyl)glycine benzyl ester, the product of (3) above, to give the title com- 
pound (yield 62%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 8 ppm : 

10.96 (1H, s), 7.81-7.76 (2H. m), 7.49-7.43 (2H, m), 7.28-7.22 (1H, m), 7.16-7.07 (4H, m), 4.46 (1H, dd, J=10Hz, 
6Hz), 3.69 (2H, t. J=8Hz), 2.82 (3H, s), 2.10-1.98 (4H, m), 1.76-1.66 (4H, m). 



. <EP 10691 10A1J_> 



108 



EP1 069110 A1 



Example 18. (±)-2-[2-(5,6-Dimethylpyrimidin-2,4-dione 
nyl)glycinamide (Compound No. 4-25) 

[0224] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
s 2-(2-(5,6-dimethylpyrimWin-2,4-dione-3-y^ the product of Exam- 

ple 17, to give the title compound (yield 81%) as a white powder. 

Melting Point : 179- 180°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 
to 10.94 (1 H : s), 10.73(1 H, d, J=1Hz), 8.94 (1 H, d, J=2Hz), 7.78-7.75 (2H, m), 7.47-7.42 (2H. m), 7.25 (1H, t, J=7Hz), 

7.14-7.08 (4H, m), 4.27 (1H, dd, J=9Hz, 7Hz), 3.64-3.52 (2H, m), 2.93 (3H, S), 2.05 (3H, s), 1.84-1.65 (5H, m). 

Example 1 9. (±)-2-(2-Phthalimidoethyl)-N-[4-(pyridin-4-yl)oxybenzenesulfonyl]glycine 

to (1) (±)-N-(tert-Butoxycarbonyl)-2-(2-phthalimidoethyl)glycine benzyl ester 

[0225] In a similar manner to that described in Example 1 (1), a reaction was carried out using (±)-N-(tert-butoxy- 
carbonyl)homoserine benzyl ester instead of (±)-N-(tert-butoxycart>onyl)homoserine ally! ester to afford the desired 
compound (yield 58%) as a white powder. 

20 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.89-7.78 (2H, m), 7.74-7.68 (2H, m), 7.40-7.28 (5H, m), 5.31 1H. d, J=9Hz), 5.07 (1H, d. J=12Hz), 5.01 (1H, d, 
J=12Hz). 4.51-4.33 (1H, br.s), 3.78 (2H, t, J=9Hz). 2.30-2.18 (2H, m), 1.43 (9K s). 

25 (2) (±)-2-(2-Phthalimidoethyl)-N-[4-(pyridin-4-yl)oxybenzensulfonyl]glycine benzyl ester 

[0226] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(±)-N-(tert-butoxycarbonyl)*2-(2-phthalimidoethyl)glycine benzyl ester, instead of (±)-N-(tert-butoxycarbonyl)-2-(2- 
phthalimidoethyl)glycine allyl ester, and using 4-(pyridin-4-yl)oxybenzensulfonyl chloride, instead of 4-phenoxybenze- 
30 nesulfonyl chloride, to afford the desired compound (yield 1 3%) as a white amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 6 ppm : 

8.52 (1H, d, J=4Hz), 7.87-7.76 (4H, m), 7.74-7.65 (4H, m), 7.39-7.23 (5H, m), 7.23-7.14 (1H, m), 7.08 (1H, d, 
J=5Hz), 6.88 (1H, d, J=3Hz), 5.51 (1H f d, J=9Hz), 4.84 (1H, d, J=12Hz), 4.77 (1H, d. J=12Hz), 3.98-3.82 (1H, m), 

35 3.80-3.65 (1 H, m), 2.25-2. 1 0 (2H, m). 

(3) (±)-2-(2-Phthalimidoethyl)-N-[4-(pyridin-4-yl)oxybenzenesulfonyl]glycine 

[0227] In a similar manner to that described in Example 5(5)-a, de-benzytation reaction was carried out using (±)- 
40 2-(2-phthalimidoethyl)-N-[4-(pyridin-4-yl)oxybenzenesutfonyl]glycine benzyl ester, the product of (2) above, to give the 
title compound (yield 76%) as a brown amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 6 ppm : 

8.53 (1H, d, J=4Hz), 7.87-7.75 (4H, m), 7.74-7.64 (4H, m), 7.22-7.11 (1H ( m), 7.10 (1H, d, J=5Hz), 6.90 (1H, d, 
45 J=4Hz), 5.62 (1H, d, J=9Hz), 4.15^.04 (1H, m), 3.90-3.67 (2H, m), 2.26-2.13 (2H f m). 

Example 20. (±)-N-Hydroxy-2-(2-phthalimidoethyl)-Na-[4-(pyridin-4-yl)oxybenzenesulfonyl]glyd (Compound 
No. 3-185) 

so [0228] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-(2-phthalimidoethyl)-N-[4-(pyridin-4-yl)oxybenzenesulfonyl]glycine, the product of Example 19, to give the title com- 
pound (yield 6%) as a yellow amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCl3-DMSO-d fi ) 5 ppm : 
55 8.55 (1H, d, J=4Hz), 7.87-7.77 (4H, m), 7.73-7.60 (4H, m), 7.20-7.15 (1H, m), 7.04 (1H, d, J=5Hz), 6.91 (1H, d, 
J=4Hz), 5.55 (1H, d, J=9Hz), 4.12-4.05 (1H, m), 3.89-3.72 (2H, m), 2.20-2.15 (2H, m). 
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Example 21. (±)-N-(4-Methoxybenzensulfonyl)-2-(2-phthalimjdoethyl)gIycine (Compound No. 3-169) 
(1) (±)-N-(4-Methoxybenzensulfonyl)-2-{2-phthalimidoethyl)gtycine benzyl ester 

5 [0229] in a similar manner to the procedures described in Example 1(2)-a and b, reactions were carried out using 
(±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of Example 19(1), instead of (±)-N- 
(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester, and using 4-methoxybenzenesulfonyl chloride, instead of 
4-phenoxybenzenesulfonyl chloride, to afford the desired compound (yield 61%) as a white powder. 

h) 'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7 83-7.77 (2H, m), 7.73-7.67 (4H, m), 7.33-7.31 (3H, m), 7.16-7.13 (2H, m), 6.87 (2H, d, J=9Hz), 5.51 (1H, d, 
J=9H<0, 4.83 (1 H, d, J=12Hz), 4.76 (1H, d, J=12Hz), 4.16-4.04 (1 H, m), 3.96-3.83 (4H, m), 3.77-3.67 (1H, m), 2.15 
(2H, dd, J=12Hz, 8Hz). 

i5 (2) ( • i-N-(4-Methoxybenzenesulfonyl)-2-(2-phthalimidoethyl) glycine 

[0230] In a similar manner to that described in Example 5(5)-a, a de-benzylation reaction was carried out using (±)- 
N«(4-methoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of (1) above, to give the title com- 
pound (yield 75%) as a white powder. 

Melting Point : 189- 190°C 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.84-7.82 (2H. m), 779 (2H, d, J=9Hz), 7.73-7.69 (2H, m), 6.93 (2H, d. J=9Hz), 5.56 (1 H, d, J=8Hz), 4.05-3.97 (1 H, 
m). 3.93-3.68 (5H, m), 2.15 (2H, dd, J=12Hz, 8Hz). 

Example 22. (±)-N-Hydroxy-Na-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycinamide (Compound No. 3-2) 

[0231] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 21, to give the title compound 
30 (yield 34%) as a white powder. 

Melting Point : 185 - 187°C (decomposition) 

'H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 5 ppm : 

10.57 (1H, s), 8.88 <1H, s), 8.00 (1H, d, J=9Hz), 7.84 (4H, m), 7.70 (2H, d, J=9Hz), 7.02 (2H, d, J=9Hz), 3.82 (3H, 
35 s), 3.68-3.65 (1H, m), 3.54-3.43 (2H, m), 1.92-1.80 (1H, m), 1.79-1.62 (1H, m). 

Example 23. (±)-2-(2-Phthalimidoethyl)-N-(4-trifluoromethoxybenzensulfonyl)glycine 

(1) (±)-2-(2-phthalimidoethyl)-N-(4-trifluoromethoxybenzensulfonyl)glycine benzyl ester 

[0232] In a similar manner to the procedures described in Example 1 (2)-a and b, reactions were carried out using 
(X)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of Example 19(1), instead of (±)-N- 
(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine allyl ester, and using 4-trifluoromethoxybenzenesulfonyl chloride, 
instead of 4-phenoxybenzenesulfonyl chloride, to afford the desired compound (yield 52%) as a yellow powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.88 (1H, s), 7.84 (1H, s), 7.83-7.81 (2H, m), 7.73-7.69 (2H, m), 7.43-7.31 (3H, m), 7.22 (1H, s), 7.19 (1H, s), 7.15 
(2H, dd, J=7Hz, 4Hz), 5.65 (1H, d. J=9Hz), 4.79 (1H, d, J=12Hz), 4.72 (1H, d, J=12Hz), 4.16-4.12 (1H, m), 3.93- 
3.85 (1H. m), 3.78-3.75 (1H, m), 2.25-2.16 (2H, m). 

(2) (±)-2-(2-Phthalimidoethyl)-4-(4-trifluoromethoxybenzenesulfonyl)glycine 

[0233] In a similar manner to that described in Example 5(5)-a, a de-benzylation reaction was carried out using (±)- 
2-(2-phthalimidoethyl)-4-(4-trifluoromethoxybenzenesulfonyl)glycine benzyl ester, the product of Example 23(1 ), to give 
55 the title compound (yield 69%) as a yellow powder. 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.87 (1H, s), 7.84 (1H, s), 7.83-7.80 (2H, m) t 7.74-7.69 (2H, m), 7.18-7.11 (2H, m), 5.65 (1H, d, J=9Hz), 4.00 (1H, 
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d, J=9Hz). 3.93-3.80 (1 H, m), 3.78-3.65 (1 H t m), 2.50 (2H, dd, J=1 2Hz, 7Hz). 

Example 24. (±)-N-Hydroxy-2-(2-phtharimidoethyl)-Na-(4-trifluoromethoxybenzenesulfonyl)gly (Compound 
No. 3-1 72) 

5 

[0234] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-(2-phthalimidoethyl)-N-(4-trifluoromethoxybenzenesulfonyl)glycine, the product of Example 23, to give the title com- 
pound (yield 63%) as a white powder. 

w Melting Point : 1 53 - 1 55°C (decomposition) 

^-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 6 ppm : 

10.62 (1H, s), 8.99-8.75 (1H, br.s), 8.43 (1H, d, J=9Hz), 7.95-7.70 (6H, m), 7.52 (2H, d, J=9Hz), 3.76 (1H, dd, 
J=10Hz, 3Hz), 3.60-3.42 (2H, m), 1.94-1.81 (1H, m), 1.75-1.66 (1H, m). 

to Example 25. (±)*N-(4-Phenoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine (Compound No. 3-1 78) 

(1) (±)-N-(4-Phenoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester 

[0235] In a similar manner to the procedures described in Example l(2)-a and b, reactions were carried out using 
20 (±)-N-(tert-butoxycarbonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of Example 19(1), instead of (±)-N- 
(tert-butoxycarbony1)-2-(2-phthalimidoethyl)glycine allyl ester, to afford the desired compound (yield 54%) as a pale yel- 
low amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz. CDCI 3 ) 8 ppm : 
25 7.88-7.67 (6H, m), 7.42-7.10 (8H, m), 7.02 (2H, d, J=6Hz), 6.91 (2H, d, J=6Hz), 5.52 (1H, d, J=9Hz), 4.85 (1H, d, 
J=12Hz), 4.80 (1H, d, J=12Hz), 4.19-4.03 (1H, m), 3.99-3.81 (1H, m), 3.79-3.64 (1H, m), 2.25-2.10 (2H, m). 

(2) (±)-N-(4-Phenoxybenzenesulfbnyl)-2-(2-phthalimidoethyl)glycine 

30 [0236] In a similar manner to that described in Example 5(5)-a, a de-benzylation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of (1) above, to give the title 
compound (yield 67%) as a white amorphous solid. 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
35 7.95-7.69(6H, m), 7.50 (2H, t, J=4Hz). 7.20 (1H, t, J=3Hz), 7.13-6.98 (4H, m), 5.62 (1H, d, J=9Hz), 4.15-4.02 (1H, 

m), 3.91-3.68 (2H, m), 2.19 (2H, dt, J=12Hz, 8Hz). 

Example 26. (±)-N-Hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycinamide (Compound No. 3-10) 

40 [0237] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 25, to give the title compound 
(yield 10%) as a white powder. 

Melting Point: 91 -96°C 
45 1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-cy 8 ppm : 

7.84(4H, s), 7.76 (2H, d, J=9Hz), 7.44 (2H, t, J=8Hz), 7.23 (1 H, t, J=8Hz), 7.1 3 (2H, d, J=9Hz), 7.05 (2H, d, J=9Hz), 
3.68 (1H, t, J=7Hz), 3.53-3.38 (2H, m), 1.89-1 .83 (1H, m), 1.75-1.69 (1H, m). 

Example 27. (±)-N-(4-Phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propargylglycine (Compound No. 3-180) 

so 

(1) (±)-N-(4-Phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propargylgtycine allyl ester 

[0238] In a similar manner to that described in Example 1 (3), a reaction was carried out using propargyl bromide 
instead of methyl iodide to afford the desired compound (yield 88%) as a pale yellow oil. 

55 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.86-7.81 (4H, m), 7.74-7.70 (2H, m), 7.44-7.37 (2H, m), 7.25-7.20 (1H, m) t 7.09-7.05 (2H, m), 7.01-6.97 (2H, m), 
5.85-5.70 (1H, m), 5.30-5.20 (2H, m), 4.67 <1H, dd, J=9Hz, 6Hz), 4.52-4.45 (2H. m), 4.24-4.08 (2H, m), 3.94-3.72 
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(2H,m), 2.46-2.14 (3H, m). 



(2) (±)-N-(4-Phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propaiigylglycine 

5 [0239] In a similar manner to that described In Example 1(4), a reaction was carried out using (±)-N-(4-phenoxy* 
benzenesulfonyl)-2-(2-phthalimidoethyl)-N-propargylglycine allyl ester, the product of (1) above, to give the title com- 
pound (yield 90%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
10 7.86-7.81 (4H, m), 7.74-7.71 (2H, m), 7.45-7.36 (2H, m). 7.23-7.18 (1H, m), 7.07-7.01 (2H, m), 6.99-6.94 (2H, m), 

4.65 (1 H, t J=7Hz), 4.32 (1 H, dd, J=1 9Hz, 2Hz), 4.01 (1 H, dd, J=1 9Hz, 2Hz), 3.90-3.67 (2H, m), 2.51 -2.39 (1 H, m), 
2.29 (1H, t, J=2Hz), 2.25-2.12 (1H, m). 

Example 28. (i)-N-Hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-Na-propargylglycinamide (Com- 
15 pound No. 3-90) 

[0240] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propargylglycine, the product of Example 27, to give the title 
compound (yield 76%) as a white amorphous solid. 

20 

'H-Nuclear magnetic resonance spectrum (400 MHz, CDCIq) 5 ppm : 

9.45 (1 H, s). 7.84-7.80 (2H, m), 7.75-7.68 (4H, m), 7.49-7.41 (2H, m), 7.29-7.23 (1H, m), 7.06 (2H, d, J=8Hz), 6.71 
(2H, d, J=9Hz), 4.37 (1H. dd, J=19Hz, 2Hz). 4.26 (1H. dd, J=19Hz, 2Hz), 4.21 (1H, dd, J=10Hz. 5Hz), 3.65-3.47 
(2H. m). 2.54-2.45 (1H. m). 2.30 (1H. t. J=2Hz). 1.83-1.75 (1H. m). 

25 

Example 29. (±)-N-[3-(4-Chlorophenyl)propyl]-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine (Com- 
pound No. 3-192) 

(1 ) (±)-N-[3-(Chlorophenyl)propyl]-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester 

30 

[0241] In a similar manner to that described in Example 1 (3), a reaction was carried out using (±)-N-(4-methoxy- 
benzensulfonyl)-2-(2-phtha!imidoethyl)glycine benzyl ester, the product of Example 21(1), instead of (±)-N-(4-phenoxy- 
benzensulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester, and using 3-(4-chlorophenyl)propyl bromide, instead of methyl 
iodide, to afford the desired compound (yield 25%) as a white powder. 

35 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.89-7.82 (2H, m), 7.77-7.68 (2H, m), 7.59 (2H, dt, J=8Hz, 4Hz), 7.36-7.28 (3H, m), 7.25-7.14 (4H, m), 7.06 (2H, 
dt, J=8Hz, 3Hz). 6.78 (2H. dt. J=9Hz, 3Hz), 4.97 (1H, d. J=12Hz), 4.93 (1H, d, J=12Hz), 4.72-4.62 (1H, m), 3.86- 
3.77 (4H, m), 3.26-3.1 1 (1H, m) ; 3.03-2.89 (1H, m), 2.51 (2H, dt, J=7Hz, 3Hz), 2.37-2.23 (1H, m), 2.15-1.92 (2H, 
40 m), 1.33-1.22 (2H,m). 

(2) (i)-N-[3-(4-Chlorophenyl)propyl]-4-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine 

[0242] In a similar manner to that described in Example 5(5)-a, a de-benzylation reaction was carried out using (±)- 
45 N-[3-(4-chlorophenyl)propyl]-4-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of 
(1 ) above, to give the title compound (yield 22%) as a white powder. 

Melting Point : 140-142°C 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
50 7.89-7.80 (2H, m), 7.79-7.71 (2H, m), 7.66 (2H, d, J=9Hz), 7.22 (2H, d. 3=8Hz), 7.12 (2H, d. J=8Hz), 6.86 (2H. d, 
J=9Hz), 4.48 (1 H, t, J=7Hz), 3.81 (3H, s), 3.59 (2H, t, J=7Hz), 3.47-3.09 (1 H, m), 2.68-2.50 (2H, m), 2.40-2.22 (1 H, 
m). 2.16-1.94 (2H, m), 1.92-1.80 (2H, m). 

Example 30. (±)-Na-[3-(4-Chlorophenyl)propyl]-N-hydroxy-Na-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)gly- 
55 cinamide (Compound No. 3-7) 

[0243] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-[3-(4-chlorophenyl)propyl]-4-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 29, 
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to give the title compound (yield 42%) as a white powder. 
Melting Point : 158 - 160°C (Decomposition) 

1 H-Nuc!ear magnetic resonance spectrum (400 MHz, DMSO-de) 5 ppm : 
5 10.71 (1H, s), 8.97 (1H, s), 7.90-7.82 (4H, m), 7.66 (2H t d, J=9Hz), 7.31 (2H, d, J=8Hz), 7.20 (2H, d, J=8Hz), 7.02 

(2H, d, J=9Hz), 4.25 (1H, t, J=7Hz), 3.83 (3H, s), 3.51-3.46 (2H, m), 3.23-3.04 (1H, m), 1.99-1.90 (3H, m), 1.84- 
1.70 (1H,m). 

Example 31. (±)-N-(4-Methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-(pyridin-3-yl)methylglycine (Compound No. 
w 3-191) 

(1 ) (±)-N-(4-Methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-(pyridin-3-yl)methylglycine benzyl ester 

[0244] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-N-(4-methoxy- 
15 benzensulfonyl)-2-(2-phthalimidoethyl)glycine benzyl ester, the product of Example 21 (1), instead of (±)-N-(4-phenoxy- 
benzensulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester, and using (pyridin-3-yl)methy1 chloride, instead of methyl 
iodide, to afford the desired compound (yield 51%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
20 8.44 (1H, d, J=5Hz), 8.35 (1H, s). 7.86-7.78 (2H. m), 7.77-7.63 (6H, m), 7.42-7.30 (2H, m), 7.27-7.22 (2H, m). 7.16 
(1H, dd, J=9Hz, 5Hz), 6.80 (2H, dt, J=9Hz. 3Hz), 4.90 (2H, dd, J=12HZ, 8Hz), 4.65 (1H, t, J=7Hz), 4.50 (1H, d, 
J=12Hz). 4.40 (1H, d, J=12Hz), 3.82 (3H, s), 3.72-3.61 (2H, m), 2.38-2.22 (1H, m), 2.00-1.88 (1H, m). 

(2) (±)-N-(4-Methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-(pyridin-3-yl)methylglycine 

25 

[0245] In a similar manner to that described in Example 5(5)-a, a de-benzylation reaction was carried out using (±)- 
N-(4-methoxybenzenesulfonyl)-2-(2-phtha!imidoethyl)-N-(pyridin-3-yl)methylglycine benzyl ester, the product of (1) 
above, to give the title compound (yield 31%) as a white amorphous solid. 

30 1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 8 ppm : 

8.45 (1H, s), 8.40 (1H, d, J=4Hz), 7.90-7.80 (4H, m), 7.76-7.65 (3H, m), 7.31-7.24 (1H, m), 7.03 (2H, d, J=9Hz), 
4.44 (1H, d, J=8Hz), 4.40 (1H, d, J=8Hz), 4.32 (1H, t, J=7Hz), 3.83 (3H, s), 3.61-3.44 (2H, m), 2.34-2.21 (1H, m), 
1.75-1.64 (1H, m). 

as Example 32. (±)-N-Hydroxy-Na-(4-methoxybenzensulfony^ 
(Compound No. 3-8) 

[0246] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-(pyridin-3-yl)methylglycine, the product of Example 31, to give 
40 the title compound (yield 35%) as a white powder. 

Melting Point: 98- 100°C 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDC^-DMSO-de) 5 ppm : 

8.50 (1H, s). 8.38 (1H, d, J=4Hz), 7.90-7.85 (4H, m), 7.76-7.68 (3H, m), 7.31-7.26 (1H, m). 7.00 (2H, d, J=9Hz), 
45 4.39 (2H, dd, J=12Hz, 6Hz), 4.28 (1H t t, J=8Hz), 3.80 (3H, s), 3.59-3.46 (2H, m), 2.30-2.25 (1H, m), 1.70-1.62 (1H, 
m). 

Example 33. (±)-N-[3-(4-Chlorophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine (Com- 
pound No. 3-171) 

50 

(1) (±)-N-(4-Methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine methyl ester 

[0247] After addition of trimethylsilyl chloride (0.65 g, 5. 1 mmol) to a solution of(±)-N-(4-methoxybenzensulfonyl)-2- 
(2-phthalimidoethyl)glycine (1.08 g, 2.6 mmol), the product of Example 21 , in a mixture of methanol (10 ml) and tetrahy- 
55 drofuran (1 0 ml), the mixture was heated under reflux for 2 hours. The solvent of the reaction mixture was evaporated 
under reduced pressure. To the residue, a saturated aqueous solution of sodium hydrogencarbonate was added and 
this was extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sul- 
fate and concentrated under reduced pressure. Hexane was added to the residue for caking to afford the desired com- 
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pound (yield 96%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.92-7.74 (6H, m), 7.03-6.97 (2H, m), 5.50 (1H, br.d, J=9Hz), 4.14-4.06 (1H, m), 4.00-3.89 (4H, m), 3.82-3.71 (1H, 
5 m), 3.47 (3H, s) t 2.23-2.1 5 (2H, m). 

(2) (±)-N-[3-(4-Chlorophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoe methyl ester 

[0248] In a similar manner to that described in Example 1 (3), a reaction was carried out using (±)-N-(4-methoxy- 
io benzenesulfonyl)-2-(2-phthalimidoethyl)glycine methyl ester, the product of (1 ) above, instead of (±)-N-(4-phenoxyben- 
zensulfonyl)-2-(2-phthalimidoethyl)gtycine allyl ester, and using 3-(4-chlorophenyl)propargyl bromide, instead of methyl 
iodide, to afford the desired compound (yield 97%) as a colorless amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
15 7.89-7.81 (4H, m), 7.75-7.68 (2H, m), 7.25-7.16 (4H, m), 6.94-6.88 (2H, m). 4.71 (1H, dd, J=9Hz, 7Hz), 4.44 (1H t 
d, J=18Hz), 4.40 (1H, d, J=18Hz), 3.84-3.78 (4H, m), 3.54 (3H, s), 2.50-2.37 (1H, m), 2.27-2.13 (1H, m). 

(3) (±)-N-[3-(4-Chlorophenyl)proparp^ 

20 [0249] After addition of 1N aqueous solution of sodium hydroxide (5 ml) to a solution of (±)-N-[3-(4-chlorophe- 
nyl)propargyl)-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine methyl ester (1.18 g, 2.0 mmol) in metha- 
nol (40 ml), the mixture was allowed to stand at room temperature overnight. The reaction mixture was concentrated 
under reduced pressure, hydrochloric acid (1 N, 6 ml) was added to the resulting residue and the mixture was extracted 
with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and concen- 
ts trated under reduced pressure. The residue was purified by chromatography on a silica gel column using dichlorometh- 
ane/methanol = 25/1 as the eluant to give the title compound (0.41 g, yield 35%) as a white powder. 

Melting Point : 142-143°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 
30 7.85-7.80 (4H, m), 7.74-7.70 (2H, m), 7.30-7.20 (4H, m), 6.89-6.85 (2H, m), 4.63 (1H, t, J=8Hz), 4.44 (1H, d, 
J=18Hz), 4.35 (1H, d, J=18Hz), 3.86-3.68 (5H, m) t 2.50-2.42 (1H, m), 2.19-2.10 (1H, m). 

Example 34. (±)-Na«[3-(4-Chlorophenyl)propar^ 
cinamide (Compound No. 3-5) 

35 

[0250] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-[3-(4<hlorophenyi)propargyl]-N-(4-methoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine t the product of Example 
33, to give the title compound (yield 62%) as a white powder. 

40 Melting Point : 138 - 1 39°C 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 8 ppm : 

9.44 (1 H, br.s), 7.86-7.70 (6H, m), 7.31-7.22 (4H f m), 6.65 (2H, d, J=9Hz), 4.49 (2H, s), 4.30 (1 H t dd, J=10Hz, 5Hz), 
3.74 (3H, s), 3.65-3.58 (1H, m), 3.55-3.45 (1H, m), 2.59-2.50 (1H, m), 1.92-1.84 (1H, m). 

45 Example 35. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[3-(quinazolin-2,4-dione-3-yl)propyl]glycine 

(1) (±)-2-[3-(1 -Benzyloxymethylquinazolin-2 t 4-dione-3-yl)propyl]-N-(tert-butoxycarbonyl)glycine benzyl ester 

[0251] In a similar manner to that described in Example 1 (1). a reaction was carried out using (±)-N-(tert-butoxy- 
50 carbonyl)-2-(3-hydroxypropyl)glycine benzyl ester, instead of (±)-N-(tert-butoxycarbonyl)homoserine allyl ester, and 
using 1 -benzyloxyquinazolin-2,4-dione, instead of phthalimide, to afford the desired compound (yield 85%) as a color- 
less oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 
55 8.17 (1H, dd, J=8Hz, 1Hz), 7.67 (1H, dt, J=8Hz, 1Hz), 7.47 (1H, br.d, Jb8Hz), 7.36-7.23 (11H, m), 5.69 (2H, s), 
5.20-5.07 (3H ? m), 4.68 (2H, s), 4.44-4.33 (1H, m), 4.05 (2H, br.t, J=7Hz), 1.97-1.86 (1H t m), 1.81-1.64 (3H, m), 
1.41 (9H,s). 
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(2) (±)-2-[3-p -Benzyloxymethylquinazolin-2,4-dione-3-yl)propyl]-^ benzyl ester 

[0252] In a similar manner to the procedures described in Example 1(2)-a and b, reactions were carried out using 
(±)-2-[3-(l-benzy!oxymethylquinazolin-2,4-dione-3-yl^ benzyl ester, the product 

5 of (1) above, instead of (±)-N-(tert-butoxycart)onyl)-2-(2-phthalimidoethyl)glycine allyl ester, to afford the desired com- 
pound (yield 92%) as a colorless amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDO3) 8 ppm : 

8.16 (1H, dd, J=8Hz, 1Hz), 7.78-7.63 (3H, m), 7.47 (1H, br.d, J=8Hz), 7.42-7.16 (14H. m), 7.04-6.92 (4H, m), 5.68 
10 (2H, S), 5.31 (1 H, d, J=9Hz), 4.93 (2H, s), 4.67 (2H, s), 4.10-3.98 (3H, m), 1 .87-1 .65 (4H, m). 

(3) (±)-2-[3-(1-Benzyloxymethylquinazonn-2,4~dion ben- 
zyl ester 

15 [0253] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-2-[3-(1-benzy- 
loxymethylquihazolin-2,4-dione-3-yl)propyl]-N-(4-phenoxybenzenesulfonyl)glycine benzyl ester, the product of (2) 
above, instead of (±)-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester, to afford the desired com- 
pound (quantitative yield) as a colorless oil. 

20 ^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.18 (1H, dd, J=8Hz, 1Hz). 7.72-7.64 (3H, m), 7.48 (1H, br.d, J=8Hz), 7.42-7.17 (14H, m), 7.02 (2H, br.d,' J=9Hz), 
6.91-6.86 (2H, m), 5.70 (2H, s). 4.97 (1H, d, J=13Hz), 4.90 (1H, d, J=13Hz), 4.81-4.75 (1H, m), 4.68 (2H, s), 4.17- 
4.08 (2H, m), 2.81 (3H, s), 2.02-1.72 (4H, m). 

25 (4) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[3-(quinazolin-2,4-dione-3-yl)propyl]glycine 

[0254] In a similar manner to the procedures described in Example 5(5)-a and b, de-benzylation and de-benzy- 
loxymethylation reactions were carried out using (±)-2-[3-(1-benzyloxymethylquinazolin-2,4-dione-3-yl)propyl)-N- 
methyl-N-(4-phenoxybenzenesulfonyl)gtycine benzyl ester, the product of (3) above, to give the title compound (yield 
30 80%) as a white powder. 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

12.73 (1H, br.s), 11.43 (1H, s), 7.94-7.92 (1H, m), 7.78-7.74 (2H, m), 7.68-7.63 (1H, m), 7.47-7.43 (2H, m), 7.26- 

7.17 (3H, m), 7.10-7.04 (4H, m), 4.42 (1H, dd, J=10Hz, 5Hz), 3.96-3.85 (2H, m), 2.73 (3H, s), 1.84-1.75 (1H, m), 
35 1.67-1.48 (3H,m). 

Example 36. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenzensulfonyl)-2-[3-(quinazolin-2,4-dione-3-yl)propyl]glycina- 
mide (Compound No. 1 -26) 

40 [0255] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[3-(quina2olin-2,4-dione-3-yl)propyl]glycine, the product of Example 35, to 
give the title compound (yield 97%) as a white powder. 

Melting Point: 152 - 153°C (decomposition) 
45 1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

11.44 (1H, s), 10.66 (1H, d, J=1Hz), 8.89 (1H, d, J=1Hz), 7.93 (1H, d, J=8HZ), 7.77-7.73 (2H, m), 7.68-7.64 (1H, 
m), 7.47-7.43 (2H, m), 7.27-7.10 (5H, m), 7.07-7.04 (2H, m), 4.15 (1H, t, J=8Hz), 3.92-3.80 (2H, m), 2.83 (3H, s), 
1.67-1.59 (1H, m) t 1.53-1.34 (3H, m). 

50 Example 37. (±)-N-(4-Phenoxybenzenesutfonyl)-N-propargyl-2-^ (Compound 
No. 1-179) 

(1) (±)-a-[N-(4-Phenoxybenzenesulfonyl)-N-propargylamino]-rbutyrolactone 

55 [0256] In a similar manner to that described in Example 1 (3), a reaction was carried out using (±)-a-(4-phenoxyben- 
zenesulfonylamino)-rbutyrolactone, instead of (±)-N-(4-phenoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine allyl 
ester, and using propargyl bromide, instead of methyl iodide, to afford the desired compound (yield 89%) as a white 
powder. 
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1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.93-7.87 (2H, m), 7.45-7.38 (2H, m), 7.27-7.20 (1H t m), 7.10-7.02 (4H, m), 4.80 (1H, dd, J=1 1 Hz, 9Hz), 4.50 (1H, 
dt, J=9Hz, 2Hz), 4.32-4.18 (2H, m), 3.91 (1H, dd, J=18Hz, 3Hz), 2.95-2.78 (1H, m), 2.66-2.54 (1H, m), 2.32 (1H, t, 
J=3Hz). 

5 

(2) (±)-2'(2-Hydroxyethyl)-N-(4-phenoxybenzenesu!fonyl)-N-propargylgtycine allyl ester 

[0257] After addition of a solution of sodium hydroxide (1 .05 g, 25.5 mmol) in water (7 ml) to a suspension of (±)-a- 
[N-(4-phenoxybenzenesulfonyl)-N-propargylamino]--y-butyrolactone (8.42 g, 22.7 mmol) in ethanol (40 ml), the mixture 

10 was stirred at room temperature for 3 hours. The solvent of the reaction mixture was evaporated under reduced pres- 
sure. The residue, which was an amorphous solid, was dissolved in N,N«dimethytformamide (40 ml). After addition of 
allyl bromide (2.15 ml, 25.4 mmol) to the solution, the mixture was stirred at room temperature overnight. A saturated 
aqueous solution of ammonium chloride and water were added to the reaction mixture, and the mixture was extracted 
with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and concen- 

15 trated under reduced pressure. The residue was purified by chyromatography on a silica gel column using hexane/ethyl 
acetate = 3/1 as the eluant to give the desired compound (8.29 g, yield 85%) as a pale yellow oil. 

(3) (±)-N-(4-Phenoxybenzenesulfonyl)-N-propargyI-2-[2-[1-(24rimethylsilyl)ethoxymethylquinazoli 
yl]ethyl]glycine allyl ester 

20 

[0258] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-2-(2-hydroxye- 
thyl)-N-(4-phenoxybenzenesulfonyl)-N-propargylglycine allyl ester, the product of (2) above, instead of (±)-N-(tert- 
butoxycarbonyl)homoserine allyl ester, and using 1-(2-trimethylsilyl)ethoxymethylquina20lin-2,4-dione, instead of 
phthalimide, to afford the desired compound (yield 23%) as a colorless oil. 

25 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.18 (1H, dd, J=BHz, 2Hz), 7.89-7.83 (2H, m). 7.70-7.63 (1H, m), 7.46-7.37 (3H, m), 7.30-7.18 (2H, m), 7.08-6.96 
(4H t m), 5.82-5.68 (1H, m), 5.59 (2H, s), 5.27-5.16 (2H, m),-4.75 (1H. dd, J=9Hz, 7Hz), 4.56-4.38 (2H. m), 4.33- 
4.10 (4H, m), 3.74-3.67 (2H, m), 2.45-2.32 (1H, m), 2.28-2.15 (2H> m), 0.98-0.91 (2H, m), -0.02 (9H, s). 

30 

(4) (iJ-N^-PhenoxybenzenesulfonylJ-N-propargyl^-p-fquinazolln^^-dione-S-yOethylJglycine allyl ester 

[0259] In a similar manner to that described in Example 1(2)-a t a reaction effecting removal of the protecting group 
at the 1-position of the quinazoline ring was carried out using (±)-N-(4-phenoxybenzenesulfonyl)-N-propargyl-2-[2-[l- 
35 (2-trimethylsilyl)ethoxymethylquinazolin-2,4-dione-3-yl]ethyl]glycine allyl ester, the product of (3) above, to afford the 
desired compound (yield 90%) as a colorless amorphous solid. 

(5) (±)-N-(4-Phenoxybenzenesulfonyl)-N-propargyl-2-[2-(quinazonn-2,4-dione-3-yl)ethyl]glycine 

40 [0260] In a similar manner to that described in Example 33(3), a hydrolysis reaction of an ester was carried out 
using (±)-N-(4-phenoxybenzenesulfonyl)-N-propargyl-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine allyl ester to give the 
title compound (yield 97%) as a white powder. 

Melting Point: 194 -195°C 
45 1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-d 6 ) 8 ppm : 

12.97 (1 H, br.s), 11.46 (1H, s). 7.91 (1 H, d, J=7Hz), 7.82-7.79 (2H, m), 7.65 (1 H, t, J=7Hz), 7.48-7.44 (2H, m), 7.28- 
7.18 (3H, m), 7.11 (2H, d, J=8Hz), 7.03-6.99 (2H, m), 4.46 (1H, t, J=7Hz), 4.19 (1H, dd, J=19Hz, 2Hz), 4.07-3.86 
(3H, m), 3.17 (1H, t, J=2Hz), 2.33-2.22 (1H, m), 1.98-1.89 (1H. m). 

50 Example 38. (±)-N-Hydroxy-Na-(4-phenoxybenzensulfo^ 
mide (Compound No. 1-89) 

[0261] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-N-propargyl-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycine, the product of Example 37, to 
55 give the title compound (yield 89%) as a white powder. 

Melting Point : 161 - 162°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-oy 8 ppm : 
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11.45 (1H, s), 1 0.76(1 H, s), 9.08 (1H, br.s), 7.91 (1H, d, J=8Hz), 7.89-7.84 (2H, m), 7.68-7.64 (1H, m), 7.48-7.43 
(2H, m), 7.28-7.12 (5H, m), 7.07-7.02 (2H, m), 4.47 (1H, dd, J=19Hz, 2Hz), 4.30-4.20 (2H, m), 3.87-3.73 (2H, m), 
3.09 (1H, t, J=2Hz), 2.15-2.06 (1H, m), 1.99-1.82 (1H, m). 

5 Example 39. (±)-2-[2-(5-Fluoropyrimidin-2,4-dione^ 

(1 ) (±)-2-[2-(1 -8enzyloxymethyl-5-fluoropyrimidin-2,4-dione-3-yl)ethyl]-N-(tert-butoxycar^ benzyl ester 

[0262] In a similar manner to that described in Example 1 (1), a reaction was carried out using (±)-N-(tert-butoxy- 
w carbonyl)homoserine benzyl ester, instead of (±)-N-(tert-butoxycarbonyl)homoserine allyl ester, and using 1-benzy- 
loxymethyl-5-fluoropyrimidin-2,4-dione instead of phthalimide, to afford the desired compound (yield 54%) as a pale 
yellow oil. 

! H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
is 7.77 (2H, d, J=9Hz), 7.44-7.27 (3H, m), 7.22-7.19 (2H, m), 7.04 (2H, d, J=8Hz), 6.94 (2H, d, J=9Hz), 5.74 (1H, d, 
J=9Hz), 5.21 (2H, s), 4.94 (1H, d, J=12Hz), 4.89 (1H, d, J=12Hz), 4.64 (2H, s), 4.18-4.15 (2H, m), 4.05-3.92 (1H. 
m), 2.25-2.06 (2H, m). 

(2) (±)-2-[2-(1-Benzyloxymethyl-5-fluoropyrimidin-2,4-dto^ benzyl 
20 ester 

[0263] In a similar manner to the procedures described in Example l(2)-a and b, reactions were carried out using 
(±)-2-[2-(1-benzyloxymethyl-5-fluoropyrim benzyl ester, the 

product of (1) above, instead of (±)-N-(tert-butoxycarbonyl)'2-(2-phthalimidoethyl)glycine allyl ester, to afford the 
25 desired compound (yield 65%) as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.70 (2H, d, J=9Hz), 7.43-7.29 (12H, m), 7.24-7.18 (2H. m),7.04 (2H, d, J=8Hz), 6.89 (2H, d, J=9Hz), 5.95 (1H, d, 
J=9Hz), 5.22 (2H, s), 5.00 (1H, d, J=12Hz), 4.94 (1H, d, J=12Hz), 4.63 (2H, s), 4.23-4.05 (2H, m), 4.00-3.86 (1H, 
30 m), 2.32-2.16 (1H, m), 2.12-2.00 (1H, m). 

(3) (i)-2-[2-(l-Benzyloxymettyl-5-fluoropyrimi 
cine benzyl ester 

3S [0264] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-2-[2-(1-benzy- 
loxymethyl-5-tluoropyrimidin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine benzyl ester, the product of (2) 
above, instead of (±)-N-(4-phenoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine allyl ester, to afford the desired com- 
pound (yield 91%) as a pale yellow amorphous solid. 

AO 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDC! 3 ) 8 ppm : 

7.70 (2H, d, J=9Hz), 7.43-7.29 (12H, m), 7.22-7.18 (2H, m), 7.04 (2H, d, J=8Hz), 6.90 (2H, d, J=9Hz), 5.23 (2H, s), 
5.00 (1H, d, J=:12Hz), 4.94 (1H, d p J=02Hz), 4.85-4.79 (1H, m), 4.63 (2H, m), 4.1 1-3.98 (2H, m), 2.87 (3H, s), 2.27- 
2.13 (1H, m). 

as (4) (±)-2-[2-(5-Fluoropyrimidin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine 

[0265] In a similar manner to the procedures described in Example 5(5)-a and b, de-benzylation and de-benzy- 
loxymethylation reactions were carried out using (±)-2-[2-(1-benzyloxymethyl-5-fluoropyrimidin-2,4-dione-3-yl)ethyl]-N- 
methyl-!M-(4-phenoxybenzenesulfonyl)glycine benzyl ester, the product of (3) above, to give the title compound (yield 
so 78%) as a white amorphous solid. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

9.80 (1H, d, J=6Hz), 7.75 (2H, d, J=9Hz), 7.39 (2H, t, J=8Hz), 7.31-7.17 (2H, m), 7.06-6.99 (3H, m), 4.79 (1H, t, 
J=8Hz), 3.99 (2H, t, J=7Hz), 2.83 (3H, s), 2.34-2.24 (1H, m), 2.01-1.88 (1H, m). 

55 
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Example 40. (±)-2-[2-(5-Fluoropyrimidin-2,4-dione-3-yl)ethyl]-^ 
cinamide (Compound No. 5-31) 

[0266] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 

2- [2-(5-fluoropyrimidin-2,4-dione-3-yl)e%^ the product of Example 
39, to give the title compound (yield 41%) as a pale pink amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 5 ppm : 

7.80 (3H, dd, J=12Hz ? 8Hz), 7.46 (2H, t, J=8Hz), 7.25 (1 H, t, J=7Hz), 7.15-7.05 (4H, m), 4.28 (1H, dd, J=9Hz, 6Hz), 
3.66-3.51 (2H, m), 2.91 (3H, s), 1.94-1.71 (2H, m). 

Example 41. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(thieno^^^^ 

(1) (±)-a-[N-Methyl-N-(4-phenoxybenzenesulfonyl)amino]-Y-butyrolactone 

[0267] In a similar manner to that described in Example 1 (3), a reaction was carried out using (±)-ot-(4-phenoxyben- 
zenesulfonylamino)-7-butyrolactone, instead of (±)-N«(4-phenoxybenzensulfonyl)-2-(2-phthalimidoethyl)glycine, to 
afford the desired compound (yield 98%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.87-7.82 (2H, m), 7.45-7.36 (2H. m), 7.26-7.19 (1H, m), 7.10 (4H, m), 5.01 (1H. dd, J=12Hz, 9Hz), 4.43 (1H, dt, 
J=9Hz,2Hz), 4.36 (1H, ddd, J=11Hz, 9Hz, 6Hz), 2.78 (3H, s), 2.55-2.29 (2H, m). 

(2) (±)-2-(2-Hydroxyethyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester 

[0268] In a similar manner to that described in Example 37(2), a reaction was carried out using (±)-<x-[N-methyl-N- 
(4-phenoxybenzenesulfonyl)amino]-Y-butyrolactone ( instead of (±)-a-[N-(4-phenoxybenzenesulfonyi)-N-propar- 
gylamino]-y-butyrolactone, to afford the desired compound (yield 97%) as a pale yellow oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.81-7.75 (2H f m), 7.45-7.38 (2H, m), 7.25-7.19 (1H, m), 7.09-6.99 (4H, m), 5.87-5.72 (1H, m), 5.25-5.17 (2H, m), 
4.83 (1H, dd, J=9Hz, 5Hz), 4.48-4.35 (2H. m), 3.83-3.72 (2H, m), 2.84 (3H, s), 2.42 (1H, br.t, J=7Hz). 2.25-2.12 
(1H, m), 1.92-1.79 (1H,m). 

(3) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyi)-2-[2-^ 

3- yl]ethyl]glycine allyl ester 

[0269] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-2-(2-hydroxye- 
thyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester, the product of (2) above, instead of (±)-N-(tert-butoxy- 
carbonyl)homoserine allyl ester, and using 1-(2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidine-2,4-dione, instead of 
phthalimide, to afford the desired compound (yield 81 %) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDC^) 8 ppm : 

7.80-7.74 (2H, m), 7.74 (1 H, d, J=5Hz), 7.44-7.36 (2H, m), 7.23-7.18 (1 H, m), 7.1 1 -6.98 (5H, m), 5.81 -5.66 (1 H, m). 
5.48 (2H, s), 5.26-5.17 (2H, m), 4.82 (1H, dd, J=10Hz, 5Hz), 4.49-4.36 (2H, m), 4.21-4.04 (2H, m), 3.70-3.63 (2H, 
m), 2.97 (3H, s), 2.33-2.20 (1H, m), 2.14-1.99 (1H, m), 0.96-0.90 (2H, m), -0.02(9H,s). 

(4) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-^ 

[0270] In a similar manner to the procedures described in Example 37(4) and (5), deprotection and hydrolysis of 
ester reactions were successively carried out using (±)-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-[1-(2-trimethylsi- 
lyl)ethoxymethylthieno[3,2-d]pyrimidin-2,4-dione-3-yl]ethyl]glycine allyl ester to give the title compound (yield 88%) as 
a white powder. 

Melting Point : 218 - 21 9°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 8 ppm : 

12.90 (1H, br.s), 1 1.91 (1H, s), 8.07 (1H, d, J=5Hz), 7.81-7.76 (2H, m), 7.48-7.43 (2H, m), 7.29-7.23 (1H, m), 7.15- 
7.04 (4H, m), 6.93 (1H, d, J=5Hz), 4.50 (1H, dd, J=10Hz, 6Hz), 3.86-3.75 (2H, m), 2.83 (3H, s), 2.17-2.07 (1H, m), 



118 

«EP 10691 10A1J_> 



EP 1 069 110 A1 



I. 82-1.72 (1H a m). 

Example 42. (±)-N-Hydroxy-Na-methyl-Nra-(4-^ 
yl)ethyl]glycinamide (Compound No. 5-23) 

5 

[0271] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2«[2-(thte^ the product of Exam- 

ple 41, to give the title compound (yield 92%) as a white powder. 

in Melting Point : 186 - 1 87°C (decomposition) 

'H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-cy 5 ppm : 

II. 89 (1H. s). 10.75(1 H, s), 8.95 (1H, br.s), 8.07 (1H, d, J=5Hz), 7.79-7.76 (2H, m), 7.47-7.42 (2H, m). 7.26-7.22 
(1H S m), 7.14-7.07 (4H. m), 6.92 (1H, d, J=5Hz), 4.31 (1H, dd, J=9Hz, 7Hz), 3.75-3.60 (2H, m), 2.94 (3H, s), 1.91- 
1.72 (2H, m). 

ir- 

Example 43. (±)-2-[2-(3 : 7-Dimethylxanthin-1-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine 

(1) {•)-2-(2-Bromoethyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester 

:»d [0272] After triphenylphosphine (4.72 g. 18.0 mmol) was added to a solution of (±)-2-(2-hydroxyethyl)-N-methyl-N- 
(4phenoxybenzenesulfonyl)glycine allyl ester (6.08 g, 15.0 mmol), the product of Example 41 (2), in tetrahydrofuran (45 
ml), a solution of carbon tetrabromide (5.97 g, 18.0 mmol) in tetrahydrofuran (20 ml) was added over 20 minutes to the 
solution with ice-cooling and with stirring. The mixture was stirred at room temperature for 1 hour. To the reaction mix- 
ture, water was added and this was extracted with ethyl acetate. The organic layer was washed with water, dried over 

.?5 anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by chromatography 
on a silica gel column using hexane/ethyl acetate = 5/1 as the eluant to afford the desired compound (6.05 g, yield 86%) 
as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm: 
30 7.81-7.76 (2H t m), 7.45-7.38 (2H, m), 7.25-7.19 (1H. m), 7.09-6.99 (4H, m), 5.82-5.68 (1H, m), 5.29-5.21 (2H, m), 
4.85 (1H, dd, J=10Hz, 5Hz), 4.53-4.40 (2H, m), 3.52-3.35 (2H, m), 2.82 (3H, s), 2.51-2.38 (1H, m), 2.30-2.16 (1H, 
m). 

(2) (i)-2-[2-(3,7-Dimethylxanthin-1 -yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester 

35 

[0273] After addition of 3,7-dimethylxanthin (1 .10 g, 6.1 mmol) to a suspension of sodium hydride (60%, 0.24 g, 6.0 
mmol) in N.N-dimethylformamide (20 ml), the mixture was stirred at 50°Cfor2 hours. After cooling it to room tempera- 
ture, a solution of (±)-2-(2-bromoethyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester (2.34 g, 5.0 mmol) in 
N.N-dimethylformamide (10 ml) was added to the reaction mixture. This was heated at 80°C for 2 hours. After cooling 
40 it lo room temperature, a saturated aqueous solution of ammonium chloride was added and then this was extracted with 
ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by chromatography on a silica gel column using hexane/ethyl acetate 
- 3/1 as the eluant to afford the desired compound (0.86 g, yield 30%) as a colorless amorphous solid. 

45 Melting Point : 207 - 209°C 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm: 

7.80-7.74 (2H, m), 7.51 (1H, s), 7.43-7.36 (2H, m), 7.24-7.18 (1H, m), 7.07-6.97 (4H, m), 5.82-5.67 (1H, m), 5.28- 
5.18 (2H, m), 4.82 (1H, dd, J=11Hz, 6Hz). 4.49-4.37 (2H, m), 4.18-4.01 (2H, m), 3.98 (3H, s), 3.57 (3H, s), 2.97 
(3H, s), 2.31-2.18 (1H, m), 2.12-1.98 (1H, m). 

50 

(3) (±)-2-[2-(3.7-Dimethylxanthin-1-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine 

[0274] In a similar manner to that described in Example 33(3), hydrolysis of the ester group was carried out using 
(±)-2-[2-(3,7-dimethylxanthin-1-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester, the product of (2) 
55 above, to give the title compound (yield 96%) as a white powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSD-d 6 ) 5 ppm: 

12.89 (1H, br.s). 8.02 (1H, s), 7.81-7.75 (2H, m), 7.48-7.42 (2H,m), 7.27-7.23 (1H, m), 7.13-7.06 (4H, m), 4.50 (1H, 



119 



iNSDCClD:<EP 1059I10A1 I > 



EP1 069 110 A1 



dd. J=10Hz, 6Hz), 3.87-3.75 (5H, m), 3.41 (3H, s), 2.84 (3H, s), 2.13-2.05 (1H, m), 1.82-1.72 (1H,m). 

Example 44. (±)-2-[2-(3,7-Dimethylxanthin-1-yl)ethyl)-N-h^ 
mide (Compound No. 5-27) 

[0275] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-[2-(3 > 7-dimethylxanthin-1-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine, product of Example 43, to give 
the title compound (yield 87%) as a white powder. 

Melting Point : 1 17 - 1 19°C (decomposition) 

1 H-Nuctear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

10.76 (1H, s), 8.94 (1H, s). 8.02 (1H, s), 7.80-7.76 (2H, m), 7.46-7.41 (2H, m), 7.27-7.23 (1H, m), 7.14-7.07 (4H, 
m), 4.30 (1H, dd, J=9Hz, 6Hz), 3.86 (3H, s), 3.76-3.64 (2H, m), 3.40 (3H, s), 2.94 (3H, s), 1.88-1.72 (2H, m). 

Example 45. (±)-N-Methyl-2-[2-(1-methylquinazolin-2,4-dione-3-yl)ethyIl-N-(4-phenoxybenzenesulfonyl)glycine 

(1 ) (+)-N-Methyl-2-[2-(1 -methylquinazolin-2,4-dione-3-yl]ethyl)-N-(4-phenoxybenzenesulfonyl)glycine allyl ester 

[0276] In a similar manner to that described in Example 1(1), a reaction was carried out using (±)-2-(2-hydroxye- 
thyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine allyl ester, the product of Example 41(2), instead of(±)-N-(tert- 
butoxycarbonyl)homoserine allyl ester, and using 1 -methylquinazoline-2,4-dione, instead of phthalimide, to afford the 
desired compound (yield 72%) as a white powder. 

^-Nuclear magnetic resonance spectrum (270 MHz. CDCI 3 ) 5 ppm : 

8.22-8.19 (1H, m), 7.79-7.66 (3H, m), 7.43-7.36 (2H, m), 7.29-7.18 (3H. m). 7.07-6.99 (4H, m). 5.81-5.67 (1H, m), 
5.27-5.18 (2H, m), 4.83 (1H, dd. J=10Hz, 5Hz), 4.47-4.37 (2H, m), 4.24-4.06 (2H, m), 3.60 (3H, s), 2.99 (3H, s), 
2.35-2.22 {1H, m), 2.15-2.00 (1H, m). 

(2) (+)-N-Methyl-2-[2-(1-methylquinazolin-2,4-dione-3-yl]ethyl]-N-(4-phenoxybenzenesulfonyl)glycine 

[0277] In a similar manner to that described in Example 33(3), hydrolysis of the ester group was carried out using 
(±)-N-methyl-2-[2-(1-methylquinazolin-2.4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine allyl ester, the prod- 
uct of (1 ) above, to give the title compound (yield 74%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) o* ppm : 

8.22-8.18 (1H, m), 7.78-7.67 (3H, m), 7.40-7.34 (2H, m), 7.30-7.15 (3H, m), 7.05-6.96 (4H, m), 4.80 (1H, dd, 
J=10Hz, 6Hz), 4.21-4.02 (2H, m), 3.59 (3H, s), 2.98 (3H, s), 2.37-2.24 (1H, m) f 2.1 1-1.97 (1H, m). 

Example 46. (±)-N-Hydroxy-Na-methyl-2-[2-(1-methylquinazolin-2,4-dione-3-yl)ethyl]-Na-(4-phenoxybenzensulfo- 
nyl)glycmamide (Compound No. 5-15) 

[0278] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-2-[2-(1-methylquinazolin-2,4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine, the product of Example 
45, to give the title compound (yield 76%) as a white powder 

Melting Point : 184 - 185°C (decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

10.77 (1H, s), 8.95 (1H, s), 8.04 (1H, dd, J=8Hz, 1Hz), 7.80-7.76 (3H. m), 7.46-7.41 (3H, m), 7.31 (1H, t, J=8Hz), 
7.27-7.23 (1H, m), 7.14-7.06 (4H, m), 4.33 (1H, dd, J=9Hz, 6Hz). 3.85-3.74 (2H, m), 3.51 (3H, s), 2.95 (3H, s), 1.94- 
1.75 (2H, m). 

Example 47. (±)-N-Methyl-2-[7-(1 -methylxanthin-1 -yl)ethyl]-N-(4-phenoxybenzenesulfonyi)glycine 

(1)(±)-N-Methyl-2-[2-[7-methy1-3-(2-trim^ 
cine allyl ester 

[0279] In a similar manner to that described in Example 43(2), a reaction was carried out using 7-rnethyl-3-(2-tri- 
methylsilyl)ethoxymethylxanthine t instead of 3,7-dimethylxanthine, to afford the desired compound (yield 51%) as a 
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colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.80-7.74 (2H, m), 7.51 (1H, s), 7.43-7.36 (2H, m), 7.25-7.18 (1H, m), 7.08-6.98 (4H, m), 5.81-5.67 (1H, m), 5.53 
5 (2H, s). 5.26-5.17 (2H. m), 4.81 (1H. dd, J=10Hz, 5Hz), 4.49-4.46 (2H, m), 4.17-4.02 (2H, m), 3.98 (3H, s), 3.75- 

3.68 (2H, m), 2.96 (3H, s), 2.30-2.17 (1H, m), 2.12-1.98 (1H, m), 1.01-0.97 (2H, m), -0.02(9H,s). 

(2) (±)-N-Methyl-2-[2-(7-methylxanthin-1-yl)etty^^ 

io [0280] In a similar manner to the procedures described in Example 37(4) and (5), deprotection and ester hydrolysis 
reactions were carried out using (±)-N-methyl-2-[2-[7-methyl-3-(2-trimethylsilyl)ethoxymethylxanthin-l-yl]ethyl]-N-(4- 
phenoxybenzenesulfonyl)glycine ally! ester, product of (1) above, to give the title compound (yield 92%) as a white pow- 
der. 

t5 1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) o ppm : 

12.90 (1H, br.s), 11.89 (1H, s), 7.93 (1H, s). 7.81-7.76 (2H, m), 7.48-7.43 (2H, m), 7.28-7.23 (1H, m), 7.13-7.03 
(4H, m), 4.49 (1H, dd, J=10Hz, 6Hz), 3.84 (3H, s), 3.80-3.72 (2H, m), 2.84 (3H, s), 2.13-2.04 (1 H,m), 1.80-1.70 (1H, 
m). 

20 Example 48. (±)-N-Hydroxy-Na-methyl-2-[2-(7-methylxanthin-1-yl)ethyl]-Na-(4-phenoxybenzensulfonyl)glycinamide 
(Compound Mo. 5-25) 

[0281] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-2-[2-(7-methybcanthin-1-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine, the product of Example 47, to give 
25 the title compound (yield 78%) as a white powder. 

Melting Point : 194 - 195°C (decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 6 ppm : 

11.89 (1H, s). 10.75 (1H, d, J=1Hz). 8.94 (1H, d, J=1Hz), 7.93 (1H, s), 7.82-7.76 (2H, m), 7.47-7.41 (2H, m), 7.26- 
30 7.22 (1H, m), 7.13-7.07 (4H, m), 4.30 (1H, dd, J=9Hz, 6Hz), 3.83 (3H, s), 3.71-3.59 (3H, m), 2.94 (3H, s), 1 .88-1.70 
(2H, m). 

Example 49. (±)-Na-[3-(4-Chlorophenyl)propargyl]-N-hydroxy-Na-(4-methoxybenzenesulfonyl)valinamide (Compound 
No.6-25) 

35 

(1) (±)-N-(4-Methoxybenzenesulfonyl)valine methyl ester 

[0282] In a similar manner to that in Example 1 (2)-b, a reaction was carried out using (±)-va!ine methyl ester and 4- 
methoxybenzenesulfonyl chloride to afford the desired compound (yield 90%) as a white powder. 

40 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.79-7.32 (2H, m), 6.98-6.93 (2H. m), 5.05 (1H. d, J=10Hz), 3.86 (3H, s), 3.71 (1 H, dd. J=10Hz, 5Hz). 3.48 (3H, s), 
2.08-1.96 (1H, m). 0.95 (3H. d, J=7Hz), 0.87 (3H. d, J=7Hz). 

45 (2) (±)-N-[3-(4-Chlorophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)valine methyl ester 

[0283] In a similar manner to that described in Example 1(3), a reaction was carried out using (±)-N-(4-methoxy- 
benzenesulfonyl)valine methyl ester, the product of (1) above, and 3-(4-chlorophenyl)propargyl bromide to afford the 
desired compound (yield 84%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.88-7.83 (2H, m). 7.27-7.23 (2H, m). 7.18-7.12 (2H, m), 6.92-6.86 (2H, m). 4.59 (1H, d, J=19Hz), 4.32 (1H, d, 
J=19Hz), 4.15 (1H, d, J=11Hz), 3.80 (3H, s), 3.51 (3H, s), 2.32-1.75 (1H, m), 1.05 (3H, d. J=7Hz), 0.95 (3H, d, 
J=7Hz). 

(3) (±)-N-[3-(4-Chlorophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)valine 

[0284] In a similar manner to that described in Example 33(3), an ester hydrolysis reaction was carried out using 
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(±)-N-[3-(4-ch)orophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)valine methyl ester, the product of (2) above, to 
afford the desired compound (yield 36%) as a colorless oil. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
5 7.88-7.83 (2H, m), 7.27-7.21 (2H, m), 7.18-7.15 (2H, m), 6.90-6.86 (2H, m), 4.49 (1H, d, J=19Hz), 4.41 (1H, d, 

J=19Hz), 4.13 (1H, d, J=10Hz), 3.80 (3H, s), 2.28-1.76 (1H, m), 0.99 (3H, d, J=7Hz), 0.97 (3H, d, J=7Hz). 

(4) ( t »-Nit-[3-(4-Chlorophenyl)propargyl]-N-hydroxy-Na-(4-methoxybenzenesulfonyl)valinamide 

to [0285] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-;3-(4-chlorophenyl)propargyl]-N-(4-methoxybenzenesulfonyl)valine, the product of (3) above, to afford the title com- 
pound (yield 84%) as a white powder. 

Melt.ng Point: 153-154°C 
tr> 'H-Nuclear magnetic resonance spectrum (400 MHz, CDCI) 5 ppm : 

0 00 OH. s), 7.85 (2H, d, J=9Hz), 7.57 (1H, br.s), 7.27-7.26 (2H, m), 7.25-7.19 (2H, m), 6.90 (2H, d, J=9Hz), 4.55 
(1H. d, J=19Hz),4.50 (1H, d, J=1 9Hz), 3.81 (3H, s), 3.69 (1H, d, J=11Hz), 2.41-2.32 (1H, m), 0.89 (3H, d, J=6Hz) f 
0.71 (3H, d, J=6Hz). 

:i» Example 50. (±)-Nnt-[3-(4-Chlorophenyl)propargyl]-N-hydroxy-Nfx-(4-phenoxybenzenesuifonyl)valinamide (Compound 
No 6-26) 

[0286] In a similar manner to the procedures described in Example 49(1). (2), (3) and (4), the reactions were car- 
ried out using (±)-valine methyl ester and 4-phenoxybenzenesulfonyl chloride as starting materials to give the title com- 
?5 pound {total yield through the 4 steps 9%) as a pale yellow amorphous solid. 

'H-Nuclear magnetic resonance spectrum (400 MHz, CDCI n ) 5 ppm : 

8.97 (1H, s), 7.87 (2H, d, J=9Hz), 7.74 (1H, brs), 7.38 (2H,'t, J=8Hz), 7.26-7.18 (5H, m), 6.97-6.95 (4H, m). 4.57 
(iH.d, J=19Hz).4.52(1H, d t J=19Hz),371 (1H,d, J=11Hz), 2.44-2.31 (1H, m), 0.91 (3H, d, J=6Hz), 0.76 (3H,d, 
30 J=6Hz). 

Example 51. (±)-N-Hydroxy-N«-(4-phenoxybenzenesulfonyl)-Na-propargyl valinamide (Compound No. 6-4) 

[0287] In a similar manner to that described in Example 49(1 ), a reaction was carried out using 4-phenoxybenze- 
35 nesulfonyl chloride, instead of 4-methoxybenzenesulfonyl chloride. Using the product and propargyl bromide, instead 
ot 3-(4-chlorophenyl)propargyl bromide, a reaction was carried out in a similar manner to that described in Example 
49(2). Further, reactions were carried out using the resulting product, in a similar manner to the procedures described 
in Example 49(3) and (4) to give the title compound (total yield through the 4 steps 24%) as a pale yellow amorphous 
solid. 

40 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 5 ppm : 
8.99 (1 H, s), 7.85 (2H, d, J=9Hz), 7.45-7.39 (2H, m), 

7.25-7.21 (1H, m), 7.07-7.03 (4H, m), 4.37 (1H, dd, J=19Hz, 2Hz), 4.30 (1H, dd, J=19Hz, 2Hz), 3.60 (1H, d, 
J=11Hz), 2.36-2.27 (1H, m), 2.22 (1H,t, J=2Hz), 0.88 (3H, d, J-7Hz),0.69 (3H, d, J=7Hz). 

45 

Example 52. (±)-Nfx-[3-(4-Chlorophenyl)propargyl]-N-hydroxy-Na-(4-methoxybenzenesulfonyl)alanine (Compound No. 
6-27) 

[0288] In a similar manner to the procedures described in Example 49(1), (2), (3) and (4). reactions were carried 
so out using (±)-alanine methyl ester and 4-phenoxybenzenesulfonyl chloride as starting materials to give the title com- 
pound (total yield through the 4 steps 58%) as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.32 (1 H, s), 7.85-7.82 (2H, m), 7.33-7.20 (4H, m), 6.95-6.91 (2H, m), 4.54 (1 H, q, J=7Hz) f 4.33 (2H, s), 3.82 <3H, 
55 s). 1.32 (3H, d, J=7Hz). 
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Example 53. (±)-N-Methy!-N-(4-phenoxybenzenesulfonyl)-2-[2-(pteridin-2,4-dione-3-yl)ethyl]glycine 

[0289] In a similar manner to that described in Example 41(3), a reaction was carried out using l-(2-trimethylsi- 
lyl)ethoxymethylpteridin-2,4-dione, instead of 1 : (2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidine-2,4-dione, and 
5 then, using the resulting allyl ester derivative, deprotection and ester hydrolysis reactions were carried out in a similar 
manner to that described in Example 41 (4) to give the title compound (total yield 53%) as a yellow powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-dg) 5 ppm : 

12.25 (1H, S), 8.67 (1H, d t J=2Hz), 8.56 (1H, d, J=2Hz), 7.81 (2H, d, J=9Hz), 7.46 (2H, t, J=8Hz), 7.25 (1H, t, 
10 J=8Hz), 7.14-7.05 (4H, m), 4.53 (1H, dd, J=10Hz, 5Hz), 3.92-3.80 (2H, m), 2.86 (3H, s), 2.23-2.12 (1H, m), 1.93- 
1.79 (1H.m). 

Example 54. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxyberc 
(Compound No. 5-21) 

15 

[0290] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(pteridin-2 l 4-dione-3-yl)ethyl]glycine to give the title compound (yield 
54%) as a white powder. 

20 ^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-c%) 5 ppm : 

12.23 (1 H, s). 10.77 (1 H, s), 8.96 (1H, t, J=1 Hz), 8.67 (1 H, d. J=2Hz), 8.56 (1 H, d, J=2Hz), 7.81-7.78 (2H, m), 7.48- 
7.43 (2H, m), 7.25 (1H, t, J=7Hz), 7.16-7.09 (4H, m), 4.33 (1H, t, J=7Hz), 3.78-3.72 (2H, m), 2.96 (3H, s), 1.95-1.80 
(2H. m). 

25 Example 55. (±)-N-[3-(4-Chlorophenyl)propargyl]-N-(4-phenoxybenzenesulfonyl)-2-(phthalimidoethyl)glycine 

[0291 ] In a similar manner to the procedures described in Example 27(1 ) and (2), reactions were carried out using 
3-(4-chlorophenyl)propargyl bromide, instead of propargyl bromide, to give the title compound (yield 88%) as a pale yel- 
low amorphous solid. 

30 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDO3) 5 ppm : 

7.87-7.78 (4H, m), 7.74-7.68 (2H, m), 7.42-7.34 (2H, m), 7.26-7.17 (5H, m), 7.01-6.96 (2H, m), 6.94-6.89 (2H, m), 
4.67 (1H, t, J=7Hz), 4.46 (1H, d, J=19Hz). 4.35 (1H, d, J=19Hz), 3.78 (2H, t, J=7Hz), 2.52-2.39 (1H, m), 2.23-2.09 
(1H,m). 

35 

Example 56. (±)-Na-[3-(4-Chlorophenyl)propargy^ 
thyl)glycinamide (Compound No. 3-136) 

[0292] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
40 N-[3-(4-chlorophenyl)propargyl]-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 
55, to give the title compound (yield 61%) as a pale yellow amorphous solid. 

'H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 6 ppm : 

9.42 (1H. br.s), 7.84-7.80 (2H. m), 7.75-7.67 (4H. m), 7.44-7.39 (2H. m), 7.27-7.20 (6H, m), 7.00-6.98 (2H, m), 6.63 
45 (2H, d, J=9Hz), 4.52 (1H, d, J=19Hz), 4.50 (1H, d, J=19Hz), 4.29 (1H, dd, J=10Hz, 5Hz), 3.70-3.64 (1H, m), 3.58- 

3.50 (1H f m), 2.60-2.51 (1H,m), 1.90-1.81 (1H.m). 

Example 57. (±)-N-(4-Phenoxybenzenesulfonyl)-N-(3-phenylpropargyl)-2-(2-phthalimidoethyl)glycine 

so [0293] In a similar manner to the procedures described in Example 27(1 ) and (2), reactions were carried out using 
3-phenylpropargyl bromide, instead of propargyl bromide, to give the title compound (yield 90%) as a pale yellow amor- 
phous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
55 7.89-7.79 (4H, m), 7.74-7.68 (2H, m), 7.40-7.16 (8H, m), V.00-6.88 (4H, m), 4.75 (1H, t, J=8Hz), 4.46 (1H, d, 
J=19Hz), 4.37 (1H, d, J=19HZ), 3.87 (1H, t, J=7Hz), 2.49-2.37 (1H, m), 2.23-2.09 (1H, m). 
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Example 58. (±)«N-Hydroxy-Na-(4-phenoxybenze^^ 
mide (Compound No. 3-122) 

[0294] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
5 N-(4-phenoxybenzenesulfonyl)-N-(3-phenylpropargyl)-2-(2-pM the product of Example 57, to give 

the title compound (yield 87%) as a pale yellow amorphous solid. 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.42 (1H, br.s), 7.83-7.79 (2H, m), 7.74-7.69 (4H, m) 7.48-7.21 (9H t m), 7.00-6.96 (2H, m), 6.62 (2H, d, J=9Hz), 
w 4.55 (1H, d, J=19Hz). 4.49 (1H, d, J=19Hz), 4.31 (1H, dd, J=10Hz, 5Hz), 3.71-3.65 (1H, m), 3.59-3.52 (1H, m), 
2.62-2.53 (1H, m), 1.91-1.83 (1H, m). 

Example 59. (±)-N-(2-Butynyl)-N-(4-phenoxybenzenesulfonyl)-2 : (2-phthalimidoethy!)glycine 

is [0295] In a similar manner to the procedures described in Example 27(1 ) and (2), reactions were carried out using 
1 -methanesulfonyloxy-2-butyne, instead of propargyl bromide, to give the title compound (yield 63%) as a pale yellow 
amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
20 7.87-7.79 (4H, m), 7.75-7.68 (2H, m), 7.44-7.36 (2H, m), 7.23-7.1 7 (1H, m), 7.07-7.03 (2H, m), 6.98-6.93 (2H, m), 
4.62 (1 H, t, J=8Hz), 4.21 (1 H. dq, J=19Hz, 3Hz), 4.06 (1 H, dq, J=1 9Hz. 3Hz). 3.88-3.66 (2H. m). 2.51 -2.38 (1 H, m), 
2.23-2.07 (1 H, m), 1.72 (3H, t. J=3Hz). 

Example 60. (±)-Na-(2-Butynyl)-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycinamide (Com- 
25 pound No. 3-106)- 

[0296] In a similar manner to that described in Example 2, a hydroxyamidation reaction was earned out using (±)- 
N-(2-butynyl)-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 59, to give the title 
compound (yield 86%) as a pale yellow amorphous solid. 

30 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.36 (1H, br.s), 7.84-7.79 (2H, m), 7.74-7.68 (4H, m). 7.45-7.40 (2H, m) f 7.30-7.22 (2H, m), 7.05 (2H, d, J=8Hz) f 
6.75 (2H, d, J=9Hz), 4.28-4.12 (3H. m), 3.63-3.48 (2H, m), 2.52-2.44 (1H, m), 1.83-1.75 (4H, m). 

35 Example 61. (±)-2-[2-(1,1-Dixo-l,2-benzisothiazol-3^ 
(Compound No. 2-1 78) 

[0297] In a similar manner to that described in Example 43(2), a reaction was carried out using 1 , 1 -dixo-1 ,2-benzi- 
sothiazol-3-one, instead of 3,7-dimethylxanthine, and, further, a de-allylation reaction was carried out using the result- 
40 ing allyl ester derivative in a similar manner to that described in Example 1(4) to give the title compound (total yield 
62%) as a white powder 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 8 ppm : 

13.00 (1H, br.s), 8.32 (1H, d, J=7Hz), 8.11-7.99 (3H, m), 7.81-7.78 (2H, m), 7.48-7.43 (2H,m), 7.27-7.23 (1H, m), 
45 7.13-7.05 (4H, m), 4.65 (1H, dd, J=9Hz, 6Hz), 3.82-3.75 (1H, m), 3.66-3.57 (1H, m), 2.80 (3H, s), 2.38-2.29 (1H, 

m), 2.00-1.90 (1H, m). 

Example 62. (±)-2-[2-(1 ,1 -Dixo-1 ,2-benzisothiazol-3-one-2-yl)ethyl]-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesul- 
fonyl)glycinamide (Compound No. 2-25) 

so 

[0298] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-[2-(1, 1 -dixo-1 ,2-benzisothiazol-3-one-2-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine to give the title 
compound (yield 65%) as a colorless amorphous solid. 

55 ^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.23 (1H, br.s), 8.02 (1H, d, J=7Hz), 7.95-7.82 (3H, m), 7.68-7.65 (2H, m), 7.44-7.39 (3H, m), 7.24 (1H, t, J=7Hz), 
7.10-7.07 (2H, m), 6,85-6.82 (2H, m), 4.51 (1H, dd, J=9Hz, 6Hz). 3.78-3.71 (1H. m), 3.61-3.54 (1H, m), 2.91 (3H, 
s), 2.48-2.39 (1H, m), 1.83-1.61 (1H, m). 
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Example 63. (±)-N-Methyl-2-[2-(6-methylpyrM 

[0299] In a similar manner to that described in Example 41(3), a reaction was carried out using 6-methyl-l-(2-tri- 
methylsilyl)ethoxymethylpyrimidin-2,4-dione, instead of 1-(2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidin-2 t 4- 
5 dione, and then deprotection and ester hydrolysis reactions were carried out using the resulting allyl ester derivative in 
a similar manner to that described in Example 41 (4) to give the title compound (total yield 1 9%) as a white powder. 

'H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-cy 8 ppm : 

11 .14 (1H, S), 7.79 (2H, d, J=9Hz), 7.46 (2H, t, J=8Hz), 7.25 (1H, t, J=8Hz), 7.13-7.07 (4H. m), 5.46 (1H, s), 4.46 
;o (1H, dd, J=10Hz, 6Hz), 3.70-3.65 (2H,m), 2.81 (3H, s), 2.12-2.00 (1H, m), 1.79-1.66 (1H, m). 

Example 64. (±)-N-Hydroxy-Na-methyl-2-[2-(6'methylpyrimidin-2,4-dione-3-yl)ethyl]-Nu-(4-phenoxybenzenesulfo- 
nyl)glycinamide (Compound No. 5-39) 

15 [0300] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-2-[2-(6-methylpyrimidin-2 1 4-dione-3-yl)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine > the product of Example 
63, to give the title compound (yield 73%) as a white amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 
20 7.76 (1H, br.s), 7.68 (2H, d, J=9Hz), 7.39 (2H, t, J=8Hz), 7.21 (1H, t, J=8Hz), 7.08-7.05 (2H. m), 6.98 (2H, d, 
J=9Hz). 5.49 (1H. s), 4.48 (1H, dd. J=8Hz, 6Hz), 3.79-3.75 (2H, m), 2.88 (3H, s), 2.30-2.23 (1H, m), 2.09 (3H, s), 
1.66-1.61 (1H, m). 

Example 65. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2^ 

[0301] In a similar manner to that described in Example 41(3), a reaction was carried out using 5-trifIuoromethyl-1- 
(2-trimethylsilyl)ethoxymethylpyrimidin*2,4-dione, instead of 1 -(2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidine- 
2,4-dione, andthen deprotection and ester hydrolysis reactions were carried out using the resulting allyl ester derivative 
in a similar manner to that described in Example 41(4) to give the title compound (total yield 27%) as a white powder. 

'H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 8 ppm : 

8.09 (1H, s), 7.79 (2H, d, J=9Hz), 7.49-7.43 (2H, m), 7.28-7.22 (1H, m), 7.13-7.07 (4H, m), 4.48 (1H, dd, J=10Hz, 
5Hz). 3.79-3.67 (2H f m), 2.81 (3H, s), 2.15-1.99 (1H, m), 1.84-1.70 (1H, m). 

35 Example 66. (±)-N-Hydroxy-Na-me%l-Na-(4-phenoxy^ 
yl)ethyl]g!ycinamide (Compound No. 5-37) 

[0302] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(5-trifluoromethylpyrimidin-2,4-dione-3-yl)ethyl]glycine, the product of 
40 Example 65, to give the title compound (yield 39%) as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 8 ppm : 

10.51 (1H. br.s), 9.89 (1H, br.s), 8.41 (1H, br.s), 7.69 (2H, d, J=9Hz), 7.40-7.36 (2H, m), 7.20 (1H, t, J=7Hz), 7.05- 
7.00 (4H, m), 4.56 (1H, br.s), 3.82-3.75 (2H, m), 2.81 (3H, s), 2.25-2.23 (1H, m), 1.79-1.78 (1H t m). 

45 

Example 67. (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidomethyl)glycine 
(1) N-(4-Phenoxybenzenesulfonyi)serinol 

so [0303] After triethylamine (10.12 g, 1 00 mmol) was added dropwise to a solution of serinol (3.64 g, 40 mmol) in a 
mixture of dioxane (1 00 ml) and water (200 ml), the mixture was stirred at room temperature for 30 minutes. To the reac- 
tion mixture, a solution of 4-phenoxybenzenesulfonyl chloride (10.75 g. 40 mmol) in dioxane (100 ml) was added drop- 
wise and this was stirred for 3 hours. Most of the solvent was evaporated under reduced pressure and the residue was 
extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and 

55 concentrated under reduced pressure to afford the desired compound (10.62 g, yield 82%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCl3-DMSO-d 6 ) 8 ppm : 

7.84 (2H, d. J=8Hz), 7.41 (2H, t, J=8Hz), 7.22 (2H, t, J=7Hz), 7.09-7.01 (4H, m), 6.69 (1H, d, J=7Hz), 4.10-4.06 
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(1H, m), 3.63-3.45 (4H, m). 

(2) N-Methyl-N-(4-phenoxybenzenesulfonyl)serinol 

5 [0304] After potassium carbonate (45.39 g, 328.4 mmol) was added to a solution of N-(4-phenoxybenzenesulfo- 
nyl)serinol (10.62 g, 32.84 mmol), the product of (1) above, in N.N-dimethylformamide (250 ml), methyl iodide (5.12 g, 
36.12 mmol) was added dropwise to the mixture. After stirring it at room temperature for 2 hours, the same amount of 
methyl iodide was further added to this mixture and stirred for 1 hour. The solvent of the reaction mixture was evapo- 
rated under reduced pressure, ice-water was added to the resulting residue and this was extracted with ethyl acetate. 

w The organic layer was washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure to afford the desired compound (8.32 g, yield 75%) as a white powder. 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCl3-DMSO-d 6 ) 5 ppm : 

7.81 (2H, d, J=8Hz), 7.41 (2H, t, J=8Hz), 7.22 (1H, t, J=7Hz), 7.08-7.00 (4H, m), 4.06-3.97 (1H, m), 3.70-3.56 (4H, 
15 m), 2.86 (3H, s). 

(3) (±)-0-(tert-Butyldimethylsiiyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)serinol 

[0305] A solution of tert-butyldimethylsilyl chloride (3.53 g, 23.43 mmol) in N.N-dimethylformamide (50 ml) was 
20 added dropwise to a solution of N-methyl-N-(4-phenoxybenzenesurfonyl)serinol (8.32 g, 24.66 mmol). which is the 
product of Example 67(2), and imidazole (4.1 3 g, 61 .65 mmol) in N.N-dimethylformamide (200 ml) at room temperature 
with stirring. The mixture was further stirred for 2 hours. The solvent of the reaction mixture was evaporated under 
reduced pressure. To the residue, water was added and this was extracted with ethyl acetate. The organic layer was 
washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 
25 was purified by chromatography on a silica gel column using hexane/ethyl acetate = 2/1 as the eluant to afford the 
desired compound (4.1 5 g, yield 38%) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.78 (2H, d, J=9Hz), 7.44-7.38 (2H, m), 7.25-7.19 (1H, m), 7.07-6.99 <4H, m), 4.01-3.96 (1H, m), 3.74-3.69 (2H, m), 
30 3.66 (2H. d, J=6Hz), 2.88 (3H, s), 0.84 (9H, s), 0.02 (6H, s). 

(4) (±)-1-(tert-Butyldimethylsilyloxym 

[0306] In a similar manner to that described in Example 1 (1), a reaction was carried out using (±)-0-(tert-butyld- 
35 imethylsilyl)-N-methyl-N-(4-phenoxybenzenesulfonyl)serinol, the product of (3) above, instead of (±)-N-(tert-butoxycar- 
bonyl)homoserine alryl ester, to afford the desired compound (yield 93%) as a white powder. 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 6 ppm : 

7.82-7.77 (2H, m), 7.73-7.69 (2H, m), 7.59 (2H, d, J=8Hz), 7.39 (2H, t t J=8Hz), 7.20 (1H, t, J=7Hz), 6.98 (2H, d, 
40 J=8Hz), 6.74 (2H, d, J=8Hz), 4.37-4.31 (1H, m), 4.02-3.93 (1H, m), 3.72-3.63 (3H, m), 2.97 (3H, s), 0.88 (9H, s), 
0.04 (3H, s), 0.02 (3H, s). 

(5) (±)-1-Hydroxymethyl-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-phthalimidoethylamine 

45 [0307] After addition of 1M solution of tetrabutylammonium fluoride (19. 1 1 ml, 1 9.1 1 mmol) in tetrahydrofuran to a 
solution of (±)-l-(tert-butyldimethylsilyloxym 

(7.40 g, 12.74 mmol), the product of (4) above, in tetrahydrofuran (50 ml), the mixture was stirred at room temperature 
for 1 hour. The solvent of the reaction mixture was evaporated under reduced pressure. To the resulting residue, water 
was added and this was extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous 
50 magnesium sulfate and concentrated under reduced pressure. The residue was purified by chromatography on a silica 
gel column using hexane/ethyl acetate = 2/1 as the eluant to afford the desired compound (1 .70 g, yield 29%) as a white 
powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI n ) 8 ppm : 
55 7.84-7.78 (2H, m), 7.75-7.70 (2H, m), 7.65 (2H, d, J=9Hz), 7.39 (2H, t, J=8Hz), 7.21 (2H, t, J=8Hz), 7.00 (2H, d, 
J=8Hz), 6.78 (2H, d, J=9Hz), 4.41-4.31 (1H, m), 3.84-3.62 (4H, m), 2.98 (3H, s). 
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(6) (±)-1-Formyl-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-phthalimidoethylam 

[0308] Oxalyl cloride (0.51 g, 4.00 mmol) and dimethyl sulfoxide (0.63 g, 8.01 mmol) were dissolved in dichlo- 
romethane (10 ml) and the solution was cooled to -78°C. To the solution, a solution of (±)-l -hydroxymethyl-N -methyl- N- 

5 (4-phenoxybenzenesulfonyl)-2-phtha!imidoethylamine (1.70 g, 3.64 mmol), the product of (5) above, in dichlorometh- 
ane (25 ml) was added dropwise with stirring and this was stirred for 30 minutes. Triethylamine (1 .84 g, 1 8.2 mmol) was 
added dropwise to the mixture and this was stirred at room temperature for 2 hours. To the reaction mixture, ice-water 
was added and then this was extracted with dichloromethane. The organic layer was washed with water, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure to afford the desired compound (1 .58 g, yield 

io 93%) as a white amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.57 (1 H, s), 7.83-7.80 (2H, m), 7.76-7.72 (2H, m) ( 7.62 (2H, d, J=9Hz), 7.40 (2H, t, J=8Hz), 7.24-7.20 (1 H, m), 7.00 
(2H, d, J=8Hz), 6.76 (2H, d, J=9Hz), 5.00-4.96 (1H, m), 4.08-3.95 (2H, m), 2.98 (3H, s). 

15 

(7) (±)-N-Methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidomethyl)glycine 

[0309] An aqueous solution (1 0 ml) of sodium chlorite (0.92 g, 1 0.2 mmol) and sodium dihydrogenphosphate dihy- 
drate (1.06 g, 6.80 mmol) was added to a solution of 2-methyl-2-butene (0.95 g, 13.6 mmol) and (±)-1-formyl-N-methyl- 

20 N-(4-phenoxybenzenesulfonyl)-2-phthalimidoethylamine (1 .58 g, 3.40 mmol), which is the product of (6) above, in a 
mixture of tert-butanol (12 ml) and N,N-dimethylacetamide (5 ml). The mixture was stirred at room temperature for 2 
hours. To the reaction mixture, ice-water was added and then this was extracted with ethyl acetate. The organic layer 
was washed with water, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The res- 
idue was purified by chromatography on a silica gel column using dichloromethane/methanol = 10/1 as the eluant to 

25 afford the title compound (0.60 g, yield 34%) as a white amorphous solid. 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCy 5 ppm : 

7.94-7.83 (2H, m), 7.80-7.71 (2H, m), 7.69-7.59 (2H, m), 7.41 -7.37 (2H, m), 7.25-7.20 (1 H, m), 7.01 (2H, d, J=7Hz), 
6.83-6.77 (2H, m), 5.18-5.12 (1H, m), 4.21-4.02 (2H, m), 2.94 (3H. s). 

30 

Example 68. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidomethyl)glycinamide (Com- 
pound No. 3-25) 

[0310] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
35 N-methyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidomethyl)glycine, the product of Example 67, to give the title 
compound (yield 81%) as a white amorphous solid. 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

1 1 .06 (1 H, s), 9.08 (1 H, s), 7.86 (4H, s), 7.66 (2H, d, J=9Hz), 7.46 (2H, t, J=8Hz), 7.26 (1 H, t, J=8Hz), 7.1 0 (2H, d, 
AO J=8Hz), 6.87 (2H, d, J=9Hz), 4.67-4.63 (1H, m), 4.05-3.98 (1H r m), 3.63-3.58 (1H, m), 2.88 (3H,s). 

Example 69. N-Methyl-N-(4-phenoxybenzenesulfonyl)-2(S)-(2-phthalimidoethyl)glycine (Compound No. 3-179) 

[0311] In a similar manner to the procedures described in Example 1, reactions were carried out using optically 
45 active N-(tert-butoxycarbonyl)homoserine allyl ester, instead of (±)-N-(tert-butoxycarbonyl)homoserine ally I ester, to 
give the title compound (total yield 49%) as a white powder. 

Melting Point: 155- 156°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 
so 7.87-7.82 (2H. m), 7.77-7.70 (4H, m), 7.42-7.36 (2H, m), 7.23-7.19 (1H, m), 7.06-6.96 (4H, m), 4.76 (1H, dd, 
J=10Hz, 6Hz), 3.82-3.67 (2H. m), 2.93 (3H, s), 2.36-2.27 (1H, m). 2.05-1.94 (1H, m). 
HPLC analysis : retention time 36.8 minutes 

(experimental conditions) 

55 

[0312] 

column: CHIRALCEL OJ-R (product of Daicel Chem. Ind. Ltd 
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inside diameter: 0.46 cm, 
length: 1 5 cm, grain size: 5\.im 
eluant : acetonitrile/triethylamine-phosphate buffer solution (0.2% (v/v), pH 2.2) = 2/3 

flow rate: 1 .0 ml/minute 

5 temperature : 30°C 

detection : UV 254 nm 



Example 70. N-Hydroxy-Na-methyl-Na-(4-pheno^ (Compound 
No. 3-26) 

10 

[0313] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using N- 
methyl-N-(4-phenoxybenzenesulfonyl)-2(S)-(2-phthalimidomethyl)glycine, the product of Example 69, to give the title 
compound (yield 90%) as a colorless amorphous solid. 

is 1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.37 (1H, br.s), 7.84-7.80 (2H, m), 7.75-7.70 (2H, m), 7.60 (2H, d, J=9Hz), 7.45-7.22 (4H, m), 7.09-7.07 (2H. m), 
6.82 (2H, d, J=9Hz), 4.33 (1H, dd, J=9Hz, 5Hz), 3.70-3.61 (1H, m), 3.51-3.43 (1H, m), 2.93 (3H, s), 2.38-2.29 (1H, 
m), 1.61-1.52 (1H, m). 



20 HPLC analysis : retention time 42.6 minutes 



(experimental conditions) 



25 



30 



[0314] 



column : 



eluant : 
flow rate: 
temperature : 
detection : 



CHIRALCEL OJ-R (product of Daicel Chem. Ind. Ltd 
inside diameter: 0.46 cm, 
length: 15 cm, grain size: 5u/n 

acetonitrileAriethylamine-phosphate buffer solution (0.2%(wV), pH 2.2) = 3/7 

1 .0 ml/minute 

40°C 

UV 254 nm 



Example 71. N-Methyl-N-(4-phenoxybenzensulfonyl)-2(R)-(2-phthalimidoethyl)glycine (Compound No. 3-179) 

35 

[0315] In a similar manner to that described in Example 69, reactions were carried out using N-(tert-butoxycarbo- 
nyl)-D-homoserine allyl ester, instead of N-(tert-butoxycaroonyl)-L-homoserine allyl ester, to give the title compound 
(total ) as a white powder. 



40 Melting Point : 1 55 - 1 57°C 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 8 ppm : 

7.87-7.82 (2H, m), 7.77-7.70 (2H, m), 7.42-7.37 (2H, m), 7.22-7.19 (1H, m), 7.06-6.96 (4H, m), 4.76 (1H, dd, 
J=10Hz, 6Hz), 3.82-3.67 (2H, m), 2.93 (3H, s), 2.36-2.27 (1H, m), 2.05-1.94 (1H, m). 
HPLC analysis : retention time 34.2 minutes 

45 

(experimental conditions) 



[0316] Same as Example 69. 



so Example 72. N-Hydroxy-Na-methyl-Na-(4-phenoxybenzensulfonyl)-2(R)-(2-phthalimidoethyl)glycinamide (Compound 
No. 3-26) 

[0317] In a similar manner to that described in Example 2, hydroxyamidation reaction was carried out using N- 
methyl-N-(4-phenoxybenzensulfonyl)-2(R)-(2-phthalimidoethyl)glycine, the product of Example 71 , to give the title com- 
55 pound (yield 93%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.36 (1H, br.s), 7.84-7.80 (2H, m), 7.75-7.70 (2H, m), 7.62-7.59 (2H, m), 7.45-7.40 (2H, m), 7.26-7.23 (2H, m), 7.08 
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(2H, d, J=8Hz), 6.83 (1 H, d, J=9Hz), 4.33 (1 H, dd, J=9Hz, 5Hz), 3.67-3.61 (1 H, m), 3.51 -3.43 (1 H, m), 2.93 (3H, s), 
2.92-2.38 (1 H, m), 1 .60-1 .52 (1 H, m). 
HPLC analysis : retention time 39.0 minutes 

5 {experimental conditions): Same as Example 70. 

Example 73. (±)-2-[2-(67-Dihydro-5H-cyclopenta[d]pyrimrt^^ 
tonyljglycine 

w [0318] In a similar manner to that described in Example 41(3), a reaction was carried out using l-(2-trimethylsi- 
lyl)ethoxymethyl-6,7-dihydro-5H-cyclopenta[d)pyrimidine-2.4-dione, instead of 1-(2-trimethylsilyl)ethoxymethylth- 
ieno[3,2-d]pyrimidine-2,4-dione, followed by deprotection and ester hydrolysis reactions on the resulting product 
according to Example 41 (4) to give the title compound (total yield 23%) as a white powder. 

id 'H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 5 ppm : 

11.38 (1H, s), 7.78 (2H, d, J=9Hz), 7.49-7.43 (2H, m), 7.25 (1 H, t, J=8Hz), 7.1 3-7.07 (4H, m), 4.47 (1 H, dd f J=1 0Hz, 
6HZ), 3.69 (2H, t, J=8Hz), 2.83 (3H, s), 2.69-2.64 (2H, m), 2.58-2.47 (2H, m), 2.10-1.91 (3H, m), 1.76-1.62 (1H, m). 

Example 74. (±)-2-[2-(6,7-Dihydro-5H-cyclopenta[d]pyrimidin^ 
20 noxybenzenesulfonyl)glycinamide (Compound No. 5-68) 

[0319] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (+)- 
2-[2-(67-dihydro-5H-cyclopentatd]pyr^ 

the product of Example 71 , to give the title compound (yield 49%) as a white powder. 
Melting Point : 207 - 209°C (decomposition) 

^•Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

11.40 (1H, s), 10.73(1H, S), 8.95 (1H, d, J=3Hz), 7.79-7.75 (2H, m), 7.48-7.43 (2H ( m). 7.25 (1H. t, J=7Hz), 7.14- 
7.08 (4H. m). 4.27 (1H, dd, J=9Hz, 7Hz), 3.63-3.51 (2H, m), 2.92 (3H, s), 2.66 (2H, t, J=7Hz), 2.51-2.48 (2H, m), 
1.99-1.92 (2H, m), 1.84-1.74 (IH.m). 1.73-1.63 (1H,m). 

Example 75. (±)-N-[4-(4-Chlorophenoxy)benzensulfonyl]-N-methyl-2-(2-phthalimidoethyl)glycine 

[0320] In a similar manner to that described in Example 1(2)-b, a reaction was carried out using 4-(4-chlorophe- 
35 noxy)benzenesulfonyl chloride, instead of 4-phenoxybenzenesulfonyl chloride, followed by methylation of the product 
according to Example 1(3), and then by de-allylation of the product according to Example 1(4) to give the title com- 
pound (total yield 71%) as a pale yellow powder. 

Melting Point: 166- 167°C 
<o 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 0 ppm : 

7.87-7.82 (2H, m), 7.80-7.70 (4H, m), 7.38-7.33 (2H, m), 7.03-6.96 (4H, m), 4.76 (1H, dd, J=10Hz, 6Hz). 3.84-3.64 
(2H, m), 2.92 (3H, s), 2.48-2.35 (1H, m), 2.06-1.92 (1H, m). 

Example 76. (±)-Na-[4-(4-Chlorophenoxy)benzensulfonyl]-N-hydroxy-Na-methyl-2-(2-phthalimidoethyl)glycinamide 
45 (Compound No. 3-1 81 ) 

[0321 ] In a similar manner to that described in Example 2, hydroxyamidation was carried out using (±)-N-[4-(4-chlo- 
rophenoxy)benzensutfonyl)-N-methyl-2-(2-phthalimidoethyl)giycine, the product of Example 73, to give the title com- 
pound (yield 90%) as a white powder. 

50 

Melting Point : 90 - 93°C 

^-Nuclear magnetic resonance spectrum (400 MHz. CDCI 3 ) 8 ppm : 

9.34 (1H, br.s), 7.85-7.80 (2H. m). 7.77-7.72 (2H, m), 7.62 (2H, d, J=9Hz), 7.42-7.23 (3H, m), 7.04-7.00 (2H, m). 
6.86-6.82 (2H, m), 4.33 (1H, dd, J=9Hz, 5Hz), 3.68-3.62 (1H, m), 3.50-3.43 (1H, m), 2.93 (3H, s), 2.37-2.28 (1H, 
55 m), 1.61-1.53 (1H, m). 
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Example 77. (±)-N-Ethyl*N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine 

[0322] In a similar manner to that described in Example 1 (3), a reaction was carried out using ethyl iodide, instead 
of methyl iodide, followed by a de-allylation reaction according to Example 1 (4) to give the title compound (yield 92%) 
as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

7.88-7.81 (2H, m), 7.79-7.69 (4H, m), 7.43-7.35 (2H, m), 7.23-7.17 (1H, m), 7.06-7.02 (2H, m), 6.97-6.92 (2H, m), 
4.57 (1H, dd, J=8Hz, 6Hz). 3.84-3.67 (2H, m), 3.50-3.37 (1H, m), 3.33-3.20 (1H, m), 2.44-2.31 (1H, m), 2.03-1.90 
(1H, m), 1.33 (3H. t, J=7HZ). 

Example 78. (±)-Nu-Ethyl-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(phthalimidoethyl)glycinamide 

[0323] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-ethyl-N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycine, the product of Example 77, to give the title com- 
pound (yield 88%) as a colorless amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 8 ppm : 

9.49 (1H, br.s), 7.84-7.78 (2H, m), 7.74-7.70 (2H, m), 7.60 (2H. d, J=9Hz), 7.44-7.40 (2H. m), 7.31-7.22 (2H, m), 
7.06 (2H, d, J=8Hz), 6.76 (2H, d, J=9Hz), 4.17 (1H. dd, J=9Hz, 5Hz), 3.56-3.32 (4H, m), 2.45-2.36 (1H, m). 1.67- 
1.55 (1H, m), 1.26 (3H, t, J=7Hz). 

Example 79. (±)-N-(4-Phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propylglycine 

[0324] In a similar manner to that described in Example 1 (3), a reaction was carried out using propyl iodide, instead 
of methyl iodide, followed by a de-allylation reaction of the product according to Example 1 (4) to give the title compound 
(yield 86%) as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.86-7.71 (2H, m), 7.76-7.69 (4H, m), 7.44-7.36 (2H, m), 7.26-7.18 (1H, m), 7.07-7.03 (2H, m), 6.94-6.89 (2H, m), 
4.49 (1H, t, J=7Hz), 3.76-3.65 (2H, m), 3.32-3.09 (2H, m), 2.43-2.31 (1H, m), 1.97-1.66 (3H, m), 0.89 (3H, t, 
J=8HZ). 

Example 80. (±)-N-Hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-Na-propylglycinamide (Compound 
No. 3-58) 

[0325] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)-N-propylglycine, the product of Example 79, to give the title com- 
pound (yield 96%) as a colorless amorphous solid. 

'H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 6 ppm : 

9.49 (1H, br.s), 7.84-7.80 (2H, m), 7.74-7.70 (2H, m), 7.61-7.57 (2H, m), 7.45-7.40 (2H, m), 7.26-7.20 (2H, m), 
7.06(2H, d, J=8Hz), 6.75-6.72 (2H, m), 4.16 (1H, dd, J=10Hz, 5Hz), 3.55-3.32 (3H, m), 3.23-3.16 (1H, m), 2.44- 
2.36 (1H, m), 1.75-1.50 (3H, m), 0.88 (3H, t, J=7Hz). 

Example 81 . (±)-2-[2-(2 l 3-Dimethylmaleido)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine 

[0326] In a similar manner to that described in Example 41 (3), a reaction was carried out using 2,3-dimethylmale- 
imide, instead of 1-(2-trimethylsilyl)ethoxymethylthieno[3 ? 2-d]pyrimidine-2.4-dione, followed by deprotection and ester 
hydrolysis reactions on the resulted allyl ester compound according to Example 41(4) to give the title compound (total 
yield 29%) as a pale yellow amorphous solid. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.77-7.73 (2H, m), 7.46-7.37 (2H, m), 7.21 (1H, t, J=7Hz), 7.07-6.99 (4H, m), 4.69 (1H, dd, J=10Hz, 6Hz), 4.65- 
4.42 (2H, m). 2.88 (3H, s), 2.27-2.17 (1H, m), 2.03-1.83 (7H,m). 
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■ Example 82. (±)-2-[2-(2,3-Dimethylmaleido)ethyl]-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfo 
(Compound No. 5-17) 

[0327] in a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
5 2-[2-(2,3-dimethylmaleido)ethyl]-N-^ the product of Example 81, to give 

the title compound (yield 73%) as a pale yellow amorphous solid. 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.41 (1H, br.s), 7.68 (2H, d, J=9Hz), 7.44-7.39 (2H, m), 7.23 (1H, t, J=7Hz), 7.09-7.06 (2H, m), 7.02-6.98 (2H, m), 
10 4.29 (1 H, dd, J=9Hz, 6Hz), 3.48-3.42 (1 H, m). 3.27-3.20 (1 H. m), 2.90 (3H, s), 2.25-2.1 7 (1H, m), 1 .96 (6H, s), 1 .60- 

1.51 (1H, m). 

[0328] . The following compounds (Examples 83 to 88) were obtained according to Example 81 or 82 above. 
15 Example 83. (±)-2-[2-(4,5-Dichlorophthalimido)ethyl]-N-methyl-N -(4-phenoxybenzenesulfonyl)glycine 
[0329] 

a white powder (total yield 14%) 
20 ^-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 6 ppm : 

8.08 (2H, s). 7.83 (2H, d. J=9Hz), 7.47-7.41 (2H, m). 7.23 (1H. t, J=7Hz), 7.12-7.08 (2H, m), 7.02-6.98 (2H, m),4.21 
(1H, dd. J=9Hz, 6Hz), 3.63-3.44 (2H, m), 2.76 (3H, s), 2.31-2.16 (1H, m), 1.73-1.56 (1H, m). 

Example 84. (±)-2-[2-(4,5-DichlorophthaIimido)ethy^ 
25 mide (Compound No. 5-74) 

[0330] 

a white powder (yield 64%) 
30 Melting Point : 1 55 -156°C 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-cy 8 ppm : 

10.73 (1H, d, J=1Hz), 8.96 (1H, d, J=1Hz), 8.17 (2H, s), 7.79-7.75 (2H, m), 7.49-7.44 (2H, m), 7.26 (1H, t, J=7Hz) f 
7.19-7.14 (2H, m) ( 7.10-7.07 (2H, m), 4.30-4.26 (1H, m), 3.52-3.40 (2H, m), 2.88 (3H P s), 2.00-1.93 (1H, m), 1.86- 
1.78 (1H,m). 

35 

Example 85. (±)-N-Methyl-2-[2-(4-methylphthalimido)ethyl]-N-(4-phenoxybenzenesulfonyl)glycine 
[0331] 

40 a white powder (total yield 53%) 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 8 ppm : 

7.77-7.70 (3H, m), 7.63 (1H, s), 7.50 (1H, d, J=8Hz), 7.42-7.35 (1H, m), 7.22-7.1 7 (2 H t m), 7.06-7.03 (2H, m), 7.00- 
6.95 (2H. m), 4.75 (1H, dd, J=10Hz, 6Hz), 3.82-3.62 (2H, m), 2.92 (3H, s), 2.51 (3H. s), 2.36-2.23 (1H, m), 2.04- 
1.92 (1H,m). 

45 

Example 86. (±)-N-Hydroxy-Na-methyl-2-[2-(4-methylphthalimido)ethyl]-Na-(4-phenoxybenzenesulfonyl)glycinamide 
(Compound No. 5-76) 

[0332] 

50 

a white powder (yield 83%) 
Melting Point: 157- 158°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.41 (1 H, s), 7.68 (1H, d, J=8Hz), 7.60-7.58 (3H, m), 7.54-7.49 (1H, m), 7.46-7.40 (2H, m) f 7.26-7.22 (1H, m), 7.09- 
55 7.06 (2H, m), 6.82 (2H, d, J=9Hz), 4.32 (1H, dd, J=10Hz, 5Hz), 3.65-3.59 (1H ( m), 3.48-3.41 (1 H. m), 2.92 (3H, s), 
2.50 (3H. s), 2.35-2.27 (1H, m), 1.58-1.49 (1H, m). 
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Example 87. (±)-N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(3,4-pyri 
[0333] 

a white powder (total yield 35%) 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 5 ppm : 

9.1 1-9.09 (2H, m), 7.90-7.87 (1H, m), 7.81-7.77 (2H, m), 7.49-7.43 (2H, m), 7.25 (1 H, t, J=7Hz), 7.14-7.06 (4H, m), 
4.52 (1H, dd, J=9Hz, 6Hz), 3.71-3.50 (2H t m), 2.81 (3H, s), 2.31-2.17 (1H, m), 1.94-1.80 (1H, m). 

Example 88. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenz 
namide (Compound No. 5-5) 

[0334] 

a white powder (yield 95%) 
Melting Point: 99-1 01 °C 

! H -Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 5 ppm : 

10.74 (1H, d, J=2Hz), 9.11-9.09 (2H, m), 8.97-8.96 (1H, m), 7.89-7.88 (1H, m). 7.79-7.76 (2H, m), 7.49-7.44 (2H, 
m), 7.26 (1H, t, J=7Hz), 7.17-7.15 (2H, m), 7.12-7.06 (2H, m), 4.31-4.27 (1H, m). 3.55-3.44 (2H, m), 2.89 (3H, s), 
2.03-1 .96 (1 H, m) ( 1 .94-1 .82 (1 H. m). 

Example 89. (+)-2-[2-(6,7-Dimethoxyquinazolin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesutfonyl)glycin 

[0335] In a similar manner to that described in Example 41 (3), a reaction was carried out using 6.7-dimethoxy-1 -(2- 
trimethylsilyl)ethoxymethylquinazoline-2,4-dione, instead of 1 -(2-trimethylsityl)ethoxymethylthieno[3,2-d]pyrimidine- 
2,4-dione. followed by deprotection and ester hydrolysis reactions on the resulting allyl ester compound according to 
Example 41 (4) to give the title compound (total yield 53%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 5 ppm : 

11.24 (1H. s), 7.79-7.75 (2H, m), 7.48-7.42 (2H, m), 7.29-7.21 (2H, m), 7.12-7.04 (4H, m), 6.69 (1H, s), 4.51 (1H, 
dd, J=9Hz, 6Hz), 3.86-3.80 (5H, m) t 3.78 (3H, s), 2.85 (3H, s), 2.20-2.07 (1H, m), 1.83-1.69 (1H, m). 

Example 90. (±)-2-[2-(6,7-Dimethoxyquinazolin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-methy1-Na-(4-phenoxybenzenesul- 
fonyl)glycinamide (Compoun No. 5-19) 

[0336] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-[2-(6,7-dimethoxyquinazolin«2,4-dione-3-y0 the product of 

Example 89, to give the title compound (yield 60%) as a white powder. 

Melting Point: 146-148°C 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 5 ppm : 

1 1.26 (1H, s), 10.75 (1H, s), 8.95 (1H, s), 7.79-7.76 (2H, m), 7.46-7.41 (2H. m), 7.28 (1H, s), 7.24 (1H, t, J=7Hz), 
7.13-7.07 (4H, m), 6.68 (1H, s), 4.32 (1H, dd, J=9Hz, 7Hz), 3.83 (3H ? s), 3.77 (3H, s), 3.74-3.67 (2H, m), 2.95 (3H, 
s). 1.93-1.83 (1H, m). 1.81-1.74 (1H, m). 

Example 91 . (±)-N-[4-(4-Fluorophenoxy)benzensulfonyl)-N-methyl-2-(2-phthalimidoethyl)glycine 

[0337] In a similar manner to that described in Example 1(2)-b, a reaction was carried out using 4-(4-fluorophe- 
noxy)benzenesulfonyl chloride, instead of 4-phenoxybenzenesulfonyl chloride, followed by methylation of the product 
according to Example 1 (3) and then by de-allyiation of the product according to Example 1 (4) to give the title compound 
(total yield 82%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

7.88-7.82 (2H, m), 7.78-7.72 (4H, m), 7.12-6.93 (6H, m), 4.76 (1H, dd, J=9Hz, 6Hz), 3.84-3.61 (2H, m), 2.92 (3H, 
s), 2.38-2.25 (1 H, m), 2.05-1 .90 (1 H, m). 
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Example 92. (±)-Na-{4-(4-Fluorophenoxy)benzensulfonyl)-N-riydro^ 
(Compound No. 3-182) 

[0338] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)« 
5 N-[4-{4-fluorophenoxy)benzensulfonyl]-N-methyl-2-(2-phthalimidoethyl)glycine to give the title compound (yield 93%) 
as a white powder. 

Melting Point: 100- 101 °C 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
m 9.38 (1H, br.s), 7.87-7.72 (4H, m), 7.64-7.58 (2H, m), 7.23 (1H, br.s), 7.16-7.03 (4H, m), 6.82 (2H, d. J=8Hz), 4.33 
<IH ? dd, J=10Hz, 5Hz), 3.70-3.60 (1H, m), 3.52-3.41 (1H, m), 3.92 (3H, s), 2.40-2.26 (1H, m), 1.65-1.53 (1H, m). 

Example 93. (±)-2-[2-(6-Chloropyrimkiin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine 

r. [0339] In a similar manner to that described in Example 41 (3), a reaction was carried out using 6-chloro-1 -(2-tri- 
melhylsilyl)ethoxymethylpyrimidine-2,4-dione, instead of 1 -(2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidine-2,4- 
dionc. followed by deprotection and ester hydrolysis reactions on the resulting allyl ester compound according to Exam- 
pte 41(4) to give the title compound (total yield 70%) as a white powder. 

pa 'H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 5 ppm : 

12.41 (1H. br.s), 7.78 (2H, d, J=7Hz), 7.47 (2H, m), 7.26 (1H. m), 7.12 (4H, m), 5.89 (1H, s), 4.47 (1H, dd, J=9Hz. 
SH7). 3.70 (2H, br.t, J=6Hz), 2.82 (3H, s), 2.08 (1H, m), 1.76 (1H, m). 

Example 94. (±)-2-[2-(6-Chloropyrimidin-2.4-dione-3-yl)ethyl)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfo- 
.?5 nyl)glycinamide (Compound No. 5-84) 

[0340] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-N-methyl-N-(4-phenoxybenzenesulfonyl)glycine, the product of Example 
93. to give the title compound (yield 68%) as a white powder. 

30 

Melting Point : 144 - 145°C (decomposition) 

'H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-dg) 5 ppm : 

12.46 (1H, br.s), 10.73 (1H, s), 8.93 (1H, s), 7.77 (2H, dd, J=9Hz, 2Hz), 7.46 (2H, m), 7.26 (1H, t, J=8Hz), 7.13 (2H, 
d. J=8Hz). 7.09 (2H. d. J=9Hz). 5.87 (1H, s), 4.28 (1H, dd, J=9Hz, 7Hz), 3.57 (2H, m), 2.91 (3H, s), 1.81 (1H, m), 
as 1.73 (1H,m). 

Example 95. (±)-N-Methyl-N-(4-phenoxybenzenesutfonyl)-2-[2-(6-^ 

[0341] In a similar manner to that described in Example 41 (3), a reaction was carried out using 6-trifluoromethyl-t - 
40 (2-trimethylsilyl)ethoxyniethylpyrimidine-2,4-dione ( instead of 1-(2-trimethylsilyl)ethoxymethylthieno[3,2-d]pyrimidine- 
2,4-dione, followed by deprotection and ester hydrolysis reactions of the resulted ally! ester compound according to 
Example 41(4) to give the title compound (total yield 71%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-c^) o ppm : 
45 7.82-7.77 (2H, m), 7.43-7.36 (2H, m), 7.24-7.18 (1H, m), 7.08-6.98 (4H, m), 6.02 (1H, s), 4.71 (1H, dd. J=11Hz, 
6Hz), 4:04-3.88 (2H, m), 2.93 (3H, s), 2.32-2.19 (1H, m), 2.06-1.91 (1H, m). 

Example 96. (±)-N-Hydroxy-Na-methyl-Na-(4-pr»enoxybenzenesulfonyl)-2-[2-(6-trifluoromethylpyrimidin-^ 
yl)ethyl]glycinamide (Compound No. 5-88) 

50 

[0342] In a similar manner to that described in Example 2, a hydroxyamidation reaction was carried out using (±)- 
N-methyl-N-(4-phenoxybenzenesulfonyl)-2-[2-(6^ the product of 

Example 95, to give the title compound (yield 95%) as a white powder. 

55 Melting Point : 1 79 - 180°C (decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-cy 5 ppm : 

12.45 (1H. br.s), 10.75 (1H, br.s), 8.95 (1H, br.s), 7.81-7.76 (2H, m), 7.48-7.43 (2H, m), 7.28-7.24 (1H, m), 7.15- 
7.05 (4H, m), 6.21 (1H,s), 4.28 (1H, dd, J=9Hz, 7Hz), 3.70-3.56 (2H, m), 2.91 (3H, s), 1.88-1.72 (2H, m). 
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Example 97. 2(R)-[2-(6-Chloropyrimidin-2,4^ 
nyl)glycinamkte (Compound No. 5-84) 

[0343] In a similar manner to the procedures described in Examples 93 and 94, reactions were carried out using D- 
5 homoserine as a starting material to give the title compound as a white powder. The r H-Nuclear magnetic resonance 
spectrum of the product was the same as that of the compound of Example 94, which is a racemate of the product. 

HPLC analysis : retention time 8.9 minutes 

w (Experimental condition) 

[0344J 

column : CHIRALCEL OD-RH (product of Daicel Chem. Ind. Ltd) 

is inside diameter: 0.46 cm, 

length: 15 cm, grain size 5um 

eluant : acetonitrileAriethylamine-phosphate buffer solution (0.2%(v/v), pH 2.2) = 55/45 

flow rate : 0.5 ml/minute 

temperature : 20°C 
20 detection : UV 254 nm 

Example 98. 2(SH2-(6-ChIoropyrimidin-2.4-dione-3-yl)e%^ 
nyl)glycinamide (Compound No. 5-84) 

25 [0345J In a similar manner to the procedures described in Example 97, reactions were carried out using L-homo- 
serine as a starting material to give the title compound as a white powder. The 1 H-Nuclear magnetic resonance spec- 
trum of the product was same as that of the compound of Example 94, which is a racemate of the product. 



30 



HPLC analysis : retention time 12.1 minutes 

(Experimental condition) 

[0346] Same as Example 97. 

35 Example 99. N-Hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfon^ 
yl)ethyl]glycinamide (Compound No. 5-88) 

[0347] In a similar manner to the procedures described in Examples 95 and 96, reactions were carried out using D- 
homoserine as a starting material to give the title compound as a white amorphous solid. The 1 H-Nuclear magnetic res- 
40 onance spectrum of the product was same as that of the compound of Example 96, which is a racemate of the product. 

HPLC analysis retention time 1 0.3 minutes 

(Experimental condition) 

[0348] Same as Example 97. 

Example 100. N-Hydroxy-Na-methyl-Na-(4-phenoxyben 
yl)ethyl]glycinamide (Compound No. 5-88) 

[0349] In a similar manner to the procedures described in Example 99, reactions were carried out using L-homo- 
serine as a starting material to give the title compound as a white amorphous solid. The 1 H-Nuclear magnetic reso- 
nance spectrum of the product was same as that of the compound of Example 96, which is a racemate of the product. 

55 HPLC analysis : retention time 13.2 minutes 



AS 
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(Experimental condition) 

[0350] Same as Example 97. 

[0351] The following compounds of Examples 1 01 to 145 were prepared in a similar manner to that selected appro- 
5 priately from the methods described in Examples 1 to 1 00. 

Example 101. (±)-Hydroxy-Na-(4-phenoxybenzenesulfony^^ 
mide (Compound No. 5-30) 

10 [0352] In similar manners to the procedures described in Examples 14 and 28, the title compound was prepared, 
a white amorphous solid 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 5 ppm : 

1 1.14 (1H, s), 10.69 (1H t s), 9.07 (1H, s), 7.82 <2H, d. J=9Hz), 7.51-7.37 (3H, rn), 7.25 (1H, t, J=8Hz), 7.14 (2H. d, 
15 J=9Hz), 7.06 (2H, d, J=9Hz), 5.55 (1H, d, J=7Hz), 4.45-4.40 (1H, m), 4.29-4.1 1 (2H, m), 3.71-3.53 (2H, m), 3.08 
(1H.S), 2.10-1.93 (1H, m), 1.81 -1.69 (1H, m). 

Example 102. (±)-Hydroxy-Na-methyl-2-[2-(2,3-naphthate^ 
cinamide (Compound No. 5-1 ) 

20 

[0353] The title compound was prepared in a similar manner to that described in Example 2. 

white powder 
Melting Point: 192- 194°C 
25 1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) 8 ppm : 

10.76 (1H, t, J=1Hz), 8.97 (1H, t, J=2Hz), 8.50 (2H, s), 8.29-8.25 (2H, m), 7.80-7.77 (4H, m), 7.48-7.43 (2H, m), 
7.25 (1 H, t, J=7Hz), 7.18-7.03 (4H, m). 4.33 (1H ( t, J=7Hz), 3.57-3.45 (2H, m), 2.91 (3H, s), 2.07-1.98 (1 H, m), 1 .94- 
1.78 (1H,m). 

30 Example 103. (±)-Hydroxy-Na-(4-phenoxybenzenesulfonyl)-Na-p^^ 
mide (Compound No. 5-22) 

[0354] The title compound was prepared in similar manners to the procedures described in Examples 28 and 54. 

35 pale yellow powder 

Melting Point: 101 • 104 U C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-de) & PP m : 

12.22 (1 H, br.s), 10.76 (1 H, d, J=2Hz), 9.08 (1 H, t, J=2Hz), 8.67 (1 H, d, J=2Hz), 8.55 (1 H, d, J=2Hz), 7.91 -7.83 (2H, 
m), 7.48-7.44 (2H, m), 7.27-7.24 (1H, m), 7.17-7.06 (4H t m), 4.49 (1H t dd, J=19Hz, 2Hz), 4.32-4^0 (2H, m), 3.87- 
40 3.74 (2H. m), 3.09 (1H, t, J=2Hz), 2.14-2.05 (1H, m), 1.99-1.89 (1H, m). 

Example 104. (±)-2-[2-(5,6-Dimethylpyrimidin-2,4-dione-3-yl)ethyl)-N-hydroxy-Na-(4-phenoxybenzenesu!fonyO 
propargylglycinamide (Compound No. 4-89) 

45 [0355] The title compound was prepared in similar manners to the procedures described in Examples 18 and 28. 

white powder 

Melting Point: 180- 181°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSO-d 6 ) 5 ppm : 
so 8.82-8.77 (1H, br.s), 7.77 (2H. d, J=9Hz), 7.40 (2H, t, J=9Hz), 7.22 (1H. t. J=8Hz), 7.1 7 (2H. d, J=9Hz). 6.95 (2H, 
d, J=9Hz). 5.54 (1H, d, J=8Hz). 4.35-4.32 (1H, m). 4.29-4.22 (2H, m), 3.83-3.75 (2H, m), 2.56 (3H, s). 2.10 (3H, s), 
2.08-1.70 (2H.m). 

Example 105. (±)-N-Hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(6-phenylpyrimidin-2 > 4-dione-3- 
55 yl)ethyl]glycinamide (Compound No. 5-90) 

[0356] The title compound was prepared in similar manners to the procedures described in Examples 2 and 64. 
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white powder 

Melting Point : 1 79 - 1 81 °C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-d 6 ) 5 ppm : 

11.44 (1H, br.s), 10.75 (1H, br.s), 8.96 (1H, br.s), 7.81-7.72 (4H, m), 7.57-7.42 (5H, m), 7.62-7.22 (1H, m), 7.14- 
7.06 (4H, m), 5.95 (1H t d, J=2Hz), 4.32 (1H, dd, J=9Hz, 7Hz), 3.70-3.59 (2H, m), 2.94 (3H, s), 1.92-1.72 (2H ( m). 

Example 106. (±)-2-[2-(6-Ethytpyrimidin-2,4-dto 
nyl)glycinamide (Compound No. 5-86) 

[0357] The title compound was prepared in similar manners to the procedures described in Examples 2 and 64. 
white powder 

Melting Point : 177 - 179°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMSO-d 6 ) 8 ppm : 

11.13 (1H, s). 10.73 (1H, s), 8.95 (1H, s), 7.77 (2H. dt, J=9Hz, 3Hz), 7.45 (2H, t, J=8Hz), 7.25 (1H. t, J=8Hz), 7.14- 
7.08 (4H. m), 5.45 (1H, s), 4.27 (1H, dd, J=9Hz, 7Hz), 3.63-3.47 (2H, m), 2.92 (3H, s), 2.32 (2H, q, J=7Hz), 1.85- 

I. 76 (1H, m), 1.74-1.64 (1H. m), 1.10 (3H, t, J=7Hz). 

Example 107. (±)-Na-[4-(3-Chlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-(2-phthalimidoethyl)glycinami 
(Compound No. 3-183) 

[0358] The title compound was prepared in a similar manner to that described in Example 2. 

white powder 

Melting Point : 81 - 84°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 5 ppm : 

9.41 (1H, br.s), 7.85-7.81 (2H, m), 7.76-7.72 (2H, m), 7.66-7.63 (2H, m), 7.37-7.21 (2H, m), 7.10 (1H, t, J=2Hz), 
6.98-6.96 (1H, m), 6.90-6.86 (2H, m), 4.34 (1H, dd, J=9Hz, 5Hz), 3.68-3.62 (1H, m), 3.50-3.42 (1H, m), 2.94 (3H, 
s), 2.38-2.29 (1H, m), 1.62-1.54 (1H, m). 

Example 108. (±)-2-[2-(5-Fluoropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)-Na-propar- 
gylglycinamide (Compound No. 5-32) 

[0359] The title compound was prepared in similar manners to the procedures described in Examples 28 and 40. 
pale brown amorphous solid 

^-Nuclear magnetic resonance spectrum (400 MHz, DMSO-d 6 ) 8 ppm : 

II. 11 (1H, s), 10.75 (1H, s), 9.08 (1H, s). 7.88-7.79 (3H, m). 7.47 (2H, dd, J=9Hz. 7HZ), 7.26 (1H, t, J=7Hz), 7.15 
(2H, d, J-9HZ). 7.08 (2H, d, J=9Hz), 4.50-4.42 (1H. m), 4.24-4.18 (2H, m), 3.76-3.61 (2H, m), 3.20 (1H, s), 2.09- 
2.00 (iH.m), 1.85-1.76 (1H,m). 

Example 109. (i)-N-Hydroxy-Na-(4-phenoxybenzenesutfonyl)-Na-propar^^ 
3-yl)ethyl]glycinamide (Compound No. 5-38) 

[0360] The title compound was prepared in similar manners to the procedures described in Examples 28 and 66. 
pale brown powder 

Melting Point : 170- 171°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-d 6 ) 8 ppm : 

1 1.07 (1H, s), 10.66 (1H, s), 9.11 (1H, s), 7.88-7.77 (3H, m). 7.44 (2H, dd, J=9Hz. 7Hz), 7.27 (1H. t, J=7Hz), 7.16 
(2H, d. J=9Hz), 7.08 (2H. d. J=9Hz), 4.49-4.40 (1H, m), 4.22-4.13 (2H, m). 3.77-3.62 (2H, m), 3.18 (1H, s), 2.09- 
1.91 (1H. m). 1.88-1.77 (IH.m). 

Example 110. (±)-2-[2-(1,1 -Dioxo-1 ,2-benzisothiazol-3-one-2-yl)ethyl]-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)-Na- 
propargylglycinamide (Compound No. 2-89) 

[0361] The title compound was prepared in similar manners to the procedures described in Examples 28 and 62. 
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yellow amorphous solid 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.31 (1H, s), 8.02 (1H, d, J=7Hz), 7.94-7.81 (3H, m), 7.76 (2H, d, J=9Hz), 7.70-7.65 (1H, m), 7.49-7.46 (1H, m), 

7.41 (2H, t, J=8H.Z), 7.23 (1H, t, J=7Hz), 7.08 (2H, d, J=8Hz), 6.75 (2H, d, J=8Hz), 4.44-4.36 (2H. m). 4.40-4.10 
5 (1H, m), 3.74-3.59 (2H, m), 2.60-2.51 (1 H, m), 2.10-1.99 (1H, m). 

Example 111. (±)-Na-[4-(3-Fluorophenoxy)benzenesulfonyl)-N-hydro^ 
(Compound No. 3-184) 

10 [0362] The title compound was prepared in a similar manner to that described in Example 2. 
pale yellow amorphous solid 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.42 (1H. br.s), 7.84-7.61 (6H, m), 7.42-7.34 (2H, m), 6.97-6.80 (4H, m), 4.33 (1H, dd. J=9Hz, 5Hz), 3.68-3.62 (1H, 
15 m), 3.50-3.42 (1H. m), 2.94 (3H. s), 2.38-2.29 (1H, m), 1.63-1.54 (1H, m). 

Example 112. (±)-N-Hydroxy-Na-methyl-2-[2-(5-methylthte^ 
zenesulfonyl)glycinamide (Compound No. 5-92) 

20 [0363] The title compound was prepared in a similar manner to that described in Example 2. 

white powder 

Melting Point : 142 - 144°C (Decomposition) 

'H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 
25 12.17 (1H, s). 10.76 (1H, s), 9.40 (1H, s), 7.78 (2H, d, J=7Hz). 7.44 (2H, t, J=8Hz), 7.25 (1H, t, J=7Hz), 7.13-7.07 

(4H, m), 6.69 (1 H, s), 4.33-4.29 (1 H, m), 3.68-3.56 (2H, m) t 2.94 (3H, s), 2.34 (3H, s), 1.85-1 .71 (2H, m). 

Example 113. (±)-N-Hydro)cy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(pyrido[2,3-d]pyrimidin-2,^ 
yl)ethyl]glycinamide (Compound No. 5-93) 

30 

[0364] The title compound was prepared in similar manners to the procedures described in Examples 2 and 6. 
white powder 

Melting Point : 125 - 126°C (Decomposition) 
35 ^-Nuclear magnetic resonance spectrum (400 MHz. DMDO-d 6 ) 5 ppm : 

11.99 (1H, br.s), 10.76 (1H, br.s), 8.95 (1H, t, J=2Hz), 8.62 (1H, dd, J=5Hz, 2Hz), 8.29 (1H, dd, J=8Hz, 2Hz), 7.80- 
7.77 (2H, m), 7.47-7.42 (2H, m), 7.29-7.23 (2H, m), 7.14-7.07 (4H, m), 4.32 (1H, dd, J=9HZ, 7Hz), 3.79-3.67 (2H, 
m), 2.95 (3H, s), 1 .90-1 .81 (2H, m). 

40 Example 114. (±)-N-Hydroxy-Na-methyl-Nu-(4-phenoxybenzenesulfonyl)-2-[2-(thieno[3,4-d]pyrimidin-2,4-dione-3- 
yl)ethyl]glycinamide (Compound No. 5-94) 

[0365] The title compound was prepared in a similar manner to that described in Example 2. 

45 white powder 

Melting Point : 135 - 137°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMDO-de) 5 ppm : 

11.98 (1H, s). 10.70 (1H, s), 9.35 (1H, s), 8.28 (1H, d, J=3Hz), 7.80 (2H, d, J=9Hz), 7.44 (2H, t, J=8Hz), 7.26 (1H, 
t, J=8Hz). 7.14-6.98 (4H, m), 6.89 (1H, d, J=3Hz), 4.20-4.11 (1H, m), 3.66-3.50 (2H, m), 2.92 (3H, s), 2.00-1.93 
50 (1H,m), 1.90-1 .75 (1H,m). 

Example 115. (±)-N-Hydroxy-N«-methyl-2-[2-(7-met 
zenesulfonyl)glycinamide (Compound No.5-95) 

55 [0366] The title compound was prepared in similar manners to the procedures described in Examples 2 and 42. 

white powder 

Melting Point : 170 - 171°C (Decomposition) 
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'H-IMuclear magnetic resonance spectrum (270 MHz, DMDO-oy 8 ppm : 

12.10 (1H, s), 10.69 (1H, s), 9.21 (1H, s), 7.80 (2H, dt, J=9Hz), 7.43 (2H, t, J=8Hz), 7.26 (1H, t. J=8Hz), 7.16-7.00 
(5H, m), 4.21-4.08 (1H, m), 3.60-3.43 (2H, m), 2.91 (3H, s), 2.40 (3H. s), 1.98-1.65 (2H, m). 

Example 116. (±)-2-[2-(5-Fluoro-6-methylpyrimidin-2,4-dto^ 
nesulfonyl)giycinamide (Compound No. 5-96) 

[0367] The title compound was prepared in similar manners to the procedures described in Examples 2 and 18. 
white powder 

Melting Point : 196 - 198°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-dg) 8 ppm : 

11 .16 (1H, s), 10.73 (1H, s), 8.94 (1H, s), 7.77 (2H, dt, J=9Hz. 2Hz), 7.46 (2H, t, J=8Hz), 7.26 (1H, t. J=7Hz), 7.14 
(2H, d, J=8Hz), 7.10 (2H, dt, J=9Hz, 2Hz), 4.28 (1 H, dd, J=9Hz, 7Hz), 3.62-3.55 (2H, m), 2.91 (3H, s), 2.08 (3H, d, 
J=3Hz), 1.87-1.68 (2H, m). 

Example 1 1 7. (±)-N-Hydroxy-Nct-methyl-2-[2-(1 -methylimidazolidin-2,4-dione-3-yl)ethyl]-Na-(4-phenoxybenzenesulfo- 
nyl)glycinamide (Compound No. 5-97) 

[0368] The title compound was prepared in similar manners to the procedures described in Examples 2 and 4. 
white amorphous solid 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

10.70 (1 H. s). 8.98 (1H, s), 7.77 (2H. d. J=9Hz), 7.47 (2H, t. J=8Hz). 7.26 (1H, t. J=8Hz). 7.16 (2H. d, J=8Hz), 7.10 
(2H, d. J=9HZ), 4.22 (1H,t, J=8Hz), 3.92 (2H, s), 3.25-3.14 (2H, m), 2.87 (3H, s), 2.84 (3H, s). 1.91-1.80 (1H, m), 
1.71-1.62 (1H,m). 

Example 118. (+)-N-Hydroxy-2-[2-(imidazolidin-2,4-dione-3-yl)ethyl]-N«-methyl-Na-(4-phenoxybenzenesulfo 
namide (Compound No. 5-50) 

[0369] The title compound was prepared in similar manners to the procedures described in Examples 2 and 4. 

white powder 

Melting Point : 146-147°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-dg) 6 ppm : 

10.71 (1H, s), 8.97 (1H, s), 8.06 (1H, s), 7.77 (2H, dt, J=9Hz, 3Hz), 7.47 (2H, t, J=8Hz), 7.26 (1H, t, J=7Hz), 7.15 
(2H, d, J=8Hz), 7.10 (2H, dt, J=8Hz, 3Hz), 4.24 (1 H, t, J=8Hz), 3.88 (2H, s), 3.24-3.11 (2H, m), 2.87 (3H, s), 1.89- 
1.80(lH,m), 1.75-1.64 (iH.m). 

Example 1 19. (±)-N-Hydroxy-Na-methyl-Nu-(4-phenoxybenzenesulfonyl)-2-[2-(1 ,5,5-trimethylimidazolidin-2,4-dione-3- 
yl)ethyl]glyci namide (Compound No. 5-54) 

[0370] The title compound was prepared in similar manners to the procedures described in Examples 2 and 4. 
white powder 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-de) 8 ppm : 

10.72 (1H, s), 8.97 (1H, br.s), 7.77 (2H, dt, J=9Hz, 3Hz), 7.47 (2H, t, J=7Hz), 7.26 (1H ? t, J=7Hz), 7.16 (2H, d, 
J=7Hz), 7.10 (2H, dt, J=9Hz. 3Hz). 4.24 (1H, t, J=8Hz), 3.28-3.15 (2H, m), 2.86 (3H, s), 2.78 (3H, s), 1.92-1 .83 (1H. 
m), 1.74-1.65 (1H, m). 

Example 120. (±)-N-Hydroxy-Na-methyl-Na-[(4-pyridin-4-yl)oxybenzenesulfonyl]-2-[2-(thieno[3,2-d]pyrimidin-2.4- 
dione-3-yl)ethyl]glycinamide (Compound No. 5-98) 

[0371] The title compound was prepared in similar manners to the procedures described in Examples 2, 20 and 42. 
white powder 

Melting Point : 167 - 168°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-cy 8 ppm : 
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1 1.90 (1H, br.s), 10.74 (1H, br.s), 8.97 (1H, br.s), 8.50 (2H, d, J=6Hz), 8.07 (1H, d ( J=5Hz), 7.89-7.86 (2H, m), 7.35- 
7.32 (2H, m), 7.05 (2H, dd, J=5Hz, 1 Hz). 6.93 (1H, d, J=5Hz), 4.30 (1 H, dd, J=9Hz, 6Hz), 3.75-3.58 (2H, m), 3.00 
(3H,s), 1.93-1 .73 (2H.m). 

5 Example 121 . (±)-2-[2-(6-Chloro-1 -metrtylpyrimidin-2,4-dione-3-yl)ethyl]^ 
nesutfonyl)glycinamide (Compound No. 7-212) 

[0372] The title compound was prepared in similar manners to the procedures described in Examples 2 and 46. 

w white powder 

Melting Point : 90 - 93°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

10.74 (1H, br.s), 8.95 (1H, br.s), 7.80-7.75 (2H, m), 7.48-7.44 (2H, m), 7.28-7.24 (1H, m), 7.15-7.06 (4H, m), 6.07 
(1H, s), 4.27 (1H, dd, J=9Hz, 7Hz), 3.70-3.55 (2H, m), 3.42 (3H, s), 2.91 (3H, s), 1 .86-1.68 (2H, m). 

75 

Example 122. (±)-2-[2-(6-Chloro-1-metrtylpyrimi 
cine (Compound No. 7-222) 

[0373] The title compound was prepared in similar manners to the procedures described in Examples 2 and 45. 

20 

white powder 

Melting Point: 115 - 117°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 

7.78-7.74 (2H, m), 7.42-7.37 (2H, m), 7.23*7.19 (1H, m), 7.06-6.99 (4H, m), 5.93 (1H, s). 4.74 (1H, dd. J=10Hz. 
25 6Hz), 4.02-3.89 (2H, m), 3.55 (3H, s), 2.92 (3H, s), 2.28-2.20 (1 H, m). 2.05-1 .94 (1 H, m). 

Example 123. (±)-Na-[4-(4-Chlorophenoxy)benzenesulfonyl]-2-[2^ 
Na-methylglycinamide (Compound No. 7-181) 

30 [0374] The title compound was prepared in similar manners to the procedures described in Examples 2 and 94. 

white powder 

Melting Point: 171 - 173°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 
as 12.38 (1H, br.s), 10.72 (1H. s), 7.78 (2H, dt, J=9Hz, 3Hz>, 7.50 (2H, dt, J=9Hz, 4Hz), 7.17 (2H, dt, J=9Hz, 4Hz), 
7.1 4-7.12 (2H, m), 5.90 (1H, s), 4.27 (1 H. dd, J-9Hz, 6Hz), 3.63-3.51 (2H, m), 2.91 (3H, s), 1 .86-1 .75 (1 H, m), 1 .75- 
1.69 (1H, m). 

Example 124. (±)-2-{2-(6-Chloropyrimidin-2.4-dione-3-yl)ethyl]-Na-[4-(4-fluorophenoxy)benzenesulfonyl]-N-hydroxy- 
40 N(x-methylgiycinamide (Compound No. 7-1 82) 

[0375] The title compound was prepared in similar manners to the procedures described in Examples 2 and 94. 

white powder 

45 Melting Point : 1 90 - 1 91 °C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

12.38 (1H, S), 10.72 (1H, s), 7.76 (2H, dt, J=9Hz, 3Hz). 7.32-7.26 (2H, m). 7.23-7.18 (2H, m), 7.08 (2H, dt, J=9Hz. 
3Hz). 5.89 (1H. s), 4.27 (1H, dd, J=9Hz, 7Hz), 3.63-3.54 (2H, m), 2.90 (3H, s). 1.86-1.79 (1H. m), 1.77-1.67 (1H. 
m). 

50 

Example 125. (±)-Na-[4-(4-Chlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-(6-trifluoromethylpyrimidin- 
2,4-dione-3-yl)ethyl]glycinamide (Compound No. 8-181) 

[0376] The title compound was prepared in similar manners to the procedures described in Examples 2 and 96. 

55 

white powder 

Melting Point : 1 73 - 1 74°C (Decomposition) 

'H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-c^) 8 ppm : 
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12.40 (1H, br.s), 10.74 (1H, br.s), 8.94 (1H. br.s). 7.80-7.77 (2H, m), 7.51-7.47 (2H, m), 7.19-7.11 (4H, m), 6.20 (1H, 
S), 4.28 (1H, dd, J=8Hz, 7Hz), 3.67-3.56 (2H f m), 2.92 (3H, s), 1.88-1.71 (2H, m). 

Example 126. (±)-Na-[4-(4-Fluorophenoxy)benzenesufo 
dione-3-yl)ethyl]glycinamide (Compound No. 8-182) 

[0377J The title compound was prepared in similar manners to the procedures described in Examples 2 and 96. 
white powder 

Melting Point : 163 - 164°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 

12.40 (1H ( br.s), 10.74 (1H, br.s), 8.95 (1H, br.s), 7.79-7.75 (2H, m), 7.33-7.26 (2H, m), 7.24-7.17 (2H, m), 7.11- 
7.05 (2H, m), 6.21 (1H, s), 4.28 (1H, dd, J=9Hz, 7Hz), 3.70-3.57 (2H, m), 2.90 (3H, s) t 1.88-1.71 (2H, m). 

Example 127. (±)-Na-[4-(3-Chlorophenoxy)benzenesulfonyl]-N^ 
2,4-dione-3-yl)ethyl)glycinamide (Compound No. 8-194) 

[0378] The title compound was prepared in similar manners to the procedures described in Examples 2 and 96. 
white powder 

Melting Point : 168 - 169°C (Decomposition) 

1 H-Nuc!ear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

12.41 (1 H, br.s), 1 0.74 (1 H, br.s), 8.96 (1 H, br.s), 7.82-7.79 (2H, m). 7.47 (1 H, t, J=8Hz), 7.31 (1 H, dd, J=8Hz, 2Hz), 
7.24 (1H. t. J=2Hz). 7.18-7.07 (3H, m), 6.21 (1H. s). 4.28 (1H. dd, J=8Hz, 6Hz), 3.67-3.55 (2H, m). 2.93 (3H, s), 
1.88-1.72 (2H, m). 

Example 128. (±)-N«-[4-(3-Chlorophenoxy)benzenesulfo 
Na-methylglycinamide (Compound No. 7-194) 

[0379] The title compound was prepared in similar manners to the procedures described in Examples 2 and 94. 
white powder 

Melting Point : 168 - 170°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 

12.41-12.35 (1H, br.s), 10.73 (1H, s), 8.95 (1H, s), 7.79 (2H, dt, J=9Hz, 3Hz), 7.47 (1H, t, J=8Hz), 7.31 (1H, dd, 
J=8Hz, 2Hz), 7.25 (1 H, t, J=2Hz), 7.16 (2H, dt, J=9Hz, 3Hz), 7.1 1 (1 H, dd, J=8Hz, 2Hz), 5.89 (1 H, s), 4.26 (1 H, dd, 
J=9Hz, 7Hz), 3.66-3.50 (2H, m), 2.92 (3H, s), 1.86-1.68 (2H, m). 

Example 129. (±)-2-[2-(6-Chloropyrimidin-2,4-dione-3-yl)ethyl]-Na-ethyl-N-hydroxy-Na-(4-phenoxybenzenesurfo- 
nyl)glycinamide (Compound No. 7-42) 

[0380] The title compound was prepared in similar manners to the procedures described in Examples 78 and 94. 
pale pink amorphous solid 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

12.38 (1H, br.s), 10.67 (1H, s), 8.98 (1H, s), 7.81 (2H, d, J=9Hz), 7.46 (2H, t, J=8Hz), 7.26 (1H, t, J=7Hz), 7.14 (2H. 
d, J=8Hz), 7.08 (2H, d, J=9Hz), 5.88 (1H, s), 4.21 (1H, t, J=8Hz), 3.69-3.61 (1H, m). 3.59-3.52 (2H, m), 3.24 (1H, 
dq, J=15Hz, 7Hz), 1.90-1.82 (1H, m), 1.77-1.68 (1H, m), 1.20 (3H. t, J=7Hz). 

Example 130. (±)-2-[2-(6-Chloropyrimidin-2,4-dione-3-yl)ethyl]-Na-[4-(3-fluorophenoxy)benzenesulfonyl]-N-hydroxy- 
Na-methylglycinamide (Compound No. 7-196) 

[0381] The title compound was prepared in similar manners to the procedures described in Examples 2 and 94. 

pate yellow powder 
Melting Point: 147-148°C 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-dg) 5 ppm : 

12.40-12.36 (1H, br.s), 10.74 (1H, s), 8.94 (1H, s), 7.78 (2H, d, J=9Hz), 7.51-7.45 (1H, m), 7.16 (2H, d. J=9Hz), 
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7.1 1-7.01 (2H, m), 6.97 (1H, d, J=8Hz), 5.76 (1H, s), 4.25 (1H, t, J=8Hz), 3.68-3.43 (2H, m), 2.93 (3H, s), 1.87-1.65 
(2H, m). 

Example 1 31 . (±)-2-[2-(6-Chloropyrimidin-2,4-dione-3-yl)e^ 
5 nesulfonyl]glycinamide (Compound No. 7-26) 

[0382] The title compound was prepared in similar manners to the procedures described in Examples 2, 20 and 94. 

pale brown powder 
w Melting Point : 163 -165°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

12.43 (1 H, br.s), 10.72 (1H, s), 8.96 (1H, s), 8.52 (2H, br.s), 7.86 (2H, d, J=9Hz), 7.34 (2H, d, J=9Hz), 7.06 (2H, d, 
J=5Hz), 5.89 (1H, s), 4.26 (1H. dd, J=9Hz, 6Hz), 3.62-3.50 (2H, m), 2.96 (3H, s), 1.87-1.70 (2H, m). 

is Example 1 32. (±)-Na-[4-(3-Fluorophenoxy)benzenesulfonyl]-N-hy 
dione-3-yl)ethyl]glycinamide (Compound No. 8-196) 

[0383] The title compound was prepared in similar manners to the procedures described in Examples 2 and 96. 

20 white powder 

Melting Point : 168 - 169°C (Decomposition) 

'H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) <* ppm : 

12.41 (1H. br.s). 10.74 (1H, br.s), 8.96 (1H, br.s), 7.82-7.79 (2H, m), 7.47 (1H, dd. J=15Hz, BHz), 7.19-7.16 (2H, 
m). 7.15-7.03 (2H, m). 6.97 (1H, dd, J=8Hz, 2Hz), 6.21 (1H, s), 4.28 (1H. dd, J=9Hz. 7Hz). 3.68-3.51 (2H. m). 2.93 
25 (3H.s). 1.91-1.71 (2H,m). 

Example 133. (±)-N-Hydroxy-Na-methyl-Na-[4-(pyridin-4^ 
dione-3-yl)ethyl]gtycinamide (Compound No. 8-26) 

30 [0384] The title compound was prepared in similar manners to the procedures described in Examples 2, 20 and 96. 

white powder 

Melting Point : 116 - 1 18°C (Decomposition) 

^H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-dg) 8 ppm : 
as 10.77 (1 H, br.s), 8.97 (1 H, br.s), 8.52-8.50 (2H, m), 7.87-7.83 (2H, m), 7.34-7.32 (2H, m), 7.06-7.04 (2H, m), 5.99 
(1H, s). 4.25 (1H, dd, J=9Hz, 7Hz), 3.64-3.51 (2H, m), 2.98 (3H, S), 1.87-1.68 (2H, m). 

Example 134. (±)-2-[2-(6-Chloropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-propyl-Na-(4-phenoxybenzenesulfo- 
nyl)glycin amide (Compound No. 7-58) 

40 

[0385] The title compound was prepared in similar manners to the procedures described in Examples 80 and 94. 
pale pink amorphous solid 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d^) o ppm : 
45 12.38 (1 H, br.s), 10.65 (1 H, s), 8.98 (1 H, s), 7.81 (2H, d, J=9Hz), 7.46 (2H, t, J=8Hz), 7.15 (1 H, t, J=7Hz), 7.14 (2H, 

d, J=7Hz), 7.08 (2H, d, J=9Hz), 5.88 (1H, s), 4.19 (1H, t, J=8Hz), 3.65-3.54 (2H, m), 3.41 (1H, dt, J=16Hz, 8Hz), • 
3.08 (1H, dt, J=16Hz, 8Hz), 1.90-1.82 (1H, m), 1.74-1.60 (3H, m), 0.78 (3H, t, J=7Hz). 

Example 135. (±)-Na-Ethyl-N-hydroxy-Nrt-(4-phenoxybenzenesulfonyl)-2-[2-(6-trifluoromethylpyrimidin-2,4-dione-3- 
so yl)ethyl]glycinamide (Compound No. 8-42) 

[0386] The title compound was prepared in similar manners to the prod\cedures described in Examples 78 and 96. 

pale pink amorphous solid 
55 1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 

12.39 (1H, br.s), 10.69 (1H. br.s), 8.99 (1H, br.s), 7.83-7.78 (2H, m), 7.48-7.43 (2H, m), 7.27-7.23 (1H, m), 7.15- 
7.05 (4H. m), 6.20 (1H, s), 4.23 (1H, t, J=7Hz), 3.74-3.53 (3H, m), 3.40-3.32 (1H, m), 1.94-1.72 (2H, m), 1.20 (3H, 
t, J=7Hz). 



141 



3NSDCCID:<EP_I069110A».I > 



EP1 069110 A1 



Example 136. (±)-N-Hydroxy-Na-(4iDhenoxybenze 
yl)ethyl]g(ycinamide (Compound No. 8-58) 

[0387] The title compound was prepared in similar manners to the procedures described in Examples 80 and 96. 
pale pink amorphous solid 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-dg) 5 ppm : 

12.39 (1H, br.s), 10.66 (1H, br.s), 8.98 (1H, br.s), 784-7.78 (2H, m), 748-7.43 (2H, m), 7.27-7^24 (1H, m), 7.15-7.05 
(4H, m), 6.20 (1H, s), 4.21 (1H, t, J=8Hz), 3.72-3.56 (2H, m), 3.47-3.33 (1H, m), 3.15-3.05 (1H, m), 1.94-1.85 (1H, 
m), 1 .80-1 .61 (3H, m), 0.78 (3H, t, J=7Hz). 

Example 1 37. (±)-N-Hydroxy-Ncx-methyl-2-[2-(1 -methyl-6-trifluoromethylpyrimidin-2,4-dione-3-yl)ethyl]-Na-(4-phenoxy- 
benzenesulfonyl)glycinamide (Compound No. 8-212) 

[0388] The title compound was prepared in similar manners to the procedures described in Examples 2 and 46. 
white amorphous solid 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-c%) 8 ppm : 

9.36 (1H, br.s), 7.73 (2H, d, J=9Hz), 7.44-7.38 (2H, m), 7.30-7.21 (1H, m), 7.09-6.99 (4H, m), 6.66 (1H, br.s), 6.23 
(1H, s), 4.39 (1H, t, J=7Hz), 3.86-3.67 (2H, m), 3.50 (3H, s), 2.93 (3H, s). 2.33-2.24 (1H, m), 1.83-1.73 (1H, m). 

Example 138. (±)-2-[2-(5-Chloropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Nfx-methyl-Nrt-(4-phenoxybenzenesulfo^ 
nyl)glycinamide (Compound No. 5-35) 

[0389] The title compound was prepared in similar manners to the procedures described in Examples 2 and 40. 
pink amorphous solid 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-cy 8 ppm : 

11.56 (1H, br.d, J=6Hz), 10.73 (1H, br.s), 8.95 (1H, br.s), 7.90 (1H, d, J=5Hz), 7.79-7.76 (2H, m), 7.48-7.43 (2H, 
m), 7.25 (1H, t, J=7Hz), 7.15-7.07 (4H, m), 4.28 (1H, dd, J=9Hz, 7Hz), 3.70-3.57 (2H, m), 2.91 (3H, s). 1.87-1.69 
(2H, m). 

Example 139. Na-[4-(3-Chlorophenoxy)benzenesutfonyl^ 
yl)ethyl]glycinamide (Compound No. 1-182) 

[0390] The title compound was prepared in similar manners to the procedures described in Examples 2, 6 and 72. 
white powder 

Melting Point : 137 - 140°C (Decomposition) 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-cy 8 ppm : 

11.45 (1H, br.s), 10.76 (1H, br.s), 8.95 (1H, br.s), 7.93-7.91 (1H, m), 7.82-7.79 (2H, m) t 7.67-7.63 (1H, m), 7.48- 
7.43 (1 H, m), 7.31 -7.06 (7H, m), 4.32 (1 H, dd, J=9Hz, 6Hz), 3.82-3.67 (2H, m), 2.97 (3H, s), 1 .94-1 .76 (2H, m). 

Example 140. Ntt-[4-(3-Chlorophenoxy)benzenesulfonyl]-N-h^ 
dione-3-yl)ethy!]glycinamide (Compound No. 5-99) 

[0391] The title compound was prepared in similar manners to the procedures described in Examples 2, 42 and 72. 
white powder 

Melting Point : 192 - 194°C (Decomposition) 

1 H-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

11.88 (1H, br.s), 10.74 (1H. t, J=2Hz). 8.94 (1H, t, J=2Hz). 8.07 (1H, d, J=5Hz), 7.81-7.79 (2H, m), 7.48-7.43 (1H, 
m). 7.30 (1H. d. J=8Hz), 7.24 (1H, dd, J=4Hz, 2Hz), 7.17-7.07 (3H, m), 6.92 (1H, d, J=5Hz), 4.30 (1H. dd, J=9Hz, 
6Hz) t 3.75-3.59 (2H, m), 2.95 (3H, s), 1 .92-1 .72 (2H, m). 
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Example 141. Na-[4-(3-Chlorophenoxy)benzenesulfo^ 
(Compound No. 3-183) 



[0392] The title compound was prepared in similar manners to the procedures described in Examples 2, and 72. 
a white amorphous solid 

The ^-Nuclear magnetic resonance spectrum of the product was same as that shown in Example 107. 
HPLC analysis : retention time : 22.0 minutes 



w (Experimental condition) 
[0393] 

column : CHIRALCEL OJ-R (product of Daicel Chem. Ind. Ltd) 

/5 inside diameter: 0.46 cm, 

length: 15 cm, grain size 5u,m 

eluant : acetonitrileAriethylamine-phosphate buffer solution (0.2%(wV), pH 2.2) = 35/65 

flow rate : 0.5 ml/minute 

temperature : 40°C 
20 detection : UV 254 nm 



Example 142. (+)-2-(1 ,l-Dimethyl-2-phtha1imidoethyl)«N-r^ 
mide (Compound No. 3-32) 

25 [0394] In a similar manner to that described in Example 1 (2)-b, a 4-phenoxybenzylsulfonylation reaction was car- 
ried out using (±)-2-(l ,1-dimethyl-2-phthalimidoethyl)glycine benzyl ester as a starting material, followed by a N-meth- 
ylation reaction according to Example 1(3), by a de-be nzylation reaction according to Example 5(5)-a and then by a 
hydroxyamidation reaction according to Example 2 to give the title compound as a white powder. 

30 Melting Point : 1 89 - 1 90°C 

^-Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 5 ppm : 

10.79 (1H, s), 9.03 (1H, s), 7.90-7.84 (4H, m), 7.50-7.46 (2H, m), 7.29-7.25 (1H, m), 7.19-7.16 (2H, m), 7.11 (2H, 
dt, J=9Hz, 3Hz), 4.19 (1H, s), 3.87 (1H, d, J=14Hz), 3.51 (1H, d, J=14Hz), 3.00 (3H, s), 1.01 (3H, s), 0.94 (3H, s). 

35 Example 143. (±)-Na-Cyclopropyl-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalamidoethyl)glycinamide 
(Compound No. 3-193) 

[0395] In a similar manner to the procedures described in Example 37(2), cyciization and allyl esterification reac- 
tions were carried out using (±)-a-[N-cyclopropyl-N-(4-phenoxybenzenesulfonyl)amino]-y-butyrolactone as a starting 
40 material, followed by a phthalimidation according to Example 1(1), by de-allylation according to 1(4) and then by 
hydroxyamidation according to Example 2 to give the title compound as a white amorphous solid. 

1 H -Nuclear magnetic resonance spectrum (400 MHz, DMDO-d 6 ) 8 ppm : 

10.59 (1H, s), 8.97 (1H, br.s), 7.87-7.79 (4H, m), 7.47 (2H. t, J=8Hz), 7.27 (1H, t, J=8Hz), 7.15 (2H, d, J=9Hz), 7.05 
45 (2H, dt, J=9Hz, 3Hz). 4.33 (1H, t, J=7Hz), 3-54-3.45 (1H, m), 3.43-3.35 (1 H, m), 2.29-2.24 (1H, m), 2.20-2.1 1 (1 H, 
m), 1.93-1.83 (1H. m), 1.11-0.99 (1H, m), 0.89-0.83 (1H, m), 0.75-0.68 (1H, m), 0.63-0.58 (1H, m). 

Example 144. (±)-2-[2-(6-Acetylpyrimidin-2,4-o5one-3-yl)ethyl]-N-hydroxy-Na-methyl-Na-(4-phenoxybenzensulfo- 
nyl)grycin amide (Compound No. 9-153) 

50 

[0396] The title compound was prepared in a similar manner to the procedures described in Example 94. 

white powder 
Melting Point: 167-169°C 
55 ^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMDO-d 6 ) 5 ppm : 

9.92 (1H, br.s), 9.38 (1H, br.s), 8.31 (1H, br.s), 7.77-7.72 (2H, m), 7.45-7.37 (2H, m), 7.25-7.19 (1H, m), 7.08-6.98 
(4H, m), 6.30 (1H, d, J=2Hz), 4.93 (1H. t, J=8Hz), 3.87-3.73 (2H, m), 2.96 (3H, s), 2.52 (3H, s), 2.27-2.11 (1H, m). 
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Example 145. (±)-2-[2-(6-Ethoxycarbonylpyrimidm^ 
nesulfonyl)glycinamide (Compound No. 9-10) 

[0397] The title compound was prepared in a similar manner to the procedures described in Example 94. 

5 

white powder 

Melting Point: 159 - 160°C 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

9.50 (1H, br.s), 8.99 (1H f br.s), 7.73-7.68 (2H, m), 7.45-7.38 (2H f m), 7.26-7.19 (1H, m), 7.09-6.99 (4H, m), 4.47- 
W 4.39 (3H, m), 3.87-3.71 (2H, m), 2.90 (3H, s), 2.37-2.23 (1 H, m), 1 .78-1 .63 (1 H, m), 1 .39 (3H. t, 7Hz). 

[Reference Example] 

Reference Example 1. N-(tert-Butoxycarbonyl)homoserine benzyl ester 

15 

[0398] A solution of di-tert-butylcarbonate (36.40 g, 1 66.8 mmol) in dioxane (100 ml) was added to a solution of (±)- 
tt-amino-y-butyrolactone hydrobromide (25.28 g, 138.9 mmol) in a mixture of dioxane/water = 1/1 (200 ml). 20 minutes 
were spent in adding dropwise a solution of sodium hydroxide (12,58 g, 321.1 mmol) in water (100 ml) to the mixture 
with ice-cooling and with stirring. This mixture was stirred for 30 minutes with ice-cooling and then at room temperature 

20 for 3 hours. The reaction mixture was concentrated under reduced pressure. Water (300 ml) was added to the residue 
and the mixture was acidified by citric acid (25 g) and extracted with ethyl acetate. The organic layer was washed with 
water, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was dissolved 
in ethanol (200 ml), and a solution of sodium hydroxide (5.44 g, 138.9 mmol) in water (33 ml) was added to the solution 
with ice-cooling. After this mixture was allowed to stand at room temperature overnight, it was concentrated under 

25 reduced pressure. The resulting residue was dissolved in N,N-dimethylformamide (150 ml), benzyl bromide (16.5 ml, 
1 38.7 mmol) was added to the solution, the mixture was stirred at room temperature overnight, and then it was concen- 
trated under reduced pressure. To the residue, a saturated aqueous solution of ammonium chloride was added and this 
was extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure to give the title compound (39.75 g, yield 93%) as a pale yellow oil. 

30 

1 H-Nuciear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

7.41-7.31 (5H, m), 5.40 (1H, br.d, J=8Hz), 5.19 (2H, s), 4.58-4.48 (1H, m), 3.77-3.58 (2H t m), 3.12 (1H, br.s), 2.23- 
2.11 (1H, m), 1.73-1.58 (1H,m), 1.45 (9H, s). 

35 Reference Example 2. (±)-N-(tert-Butoxycarbonyl)homoserine allyl ester 

[0399] in a similar manner to the procedures described in Reference Example 1 , reactions were carried out using 
ailyl bromide, instead of benzyl bromide, to give the title compound (yield 89%) as a colorless oil. 

40 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5 ppm : 

5.91 (1H. ddd, J=17Hz t 12Hz, 6Hz), 5.40-5.25 (3H, m), 4.67 (2H, d, J=6Hz), 4.57-4.48 (1H, m), 3.79-3.63 (2H, m), 
3.17 (1H f br.s). 2.24-2.12 (1H, m), 1.69-1.59 (1H, m), 1.45 (9H, s). 

Reference Example 3. 1-Benzyloxymethylpyrimidine-2,4-dione 

45 

[0400] After N.O-bis(trimethylsilyl)acetoamide (1 8.5 ml, 74.8 mmol) was added dropwise to a suspension of pyrimi- 
dine-2,4-dione (3.36 g, 30.0 mmol) in dichloromethane (90 ml) at room temperature, the mixture was stirred for 2 hours. 
Tetra-n-butyl ammonium iodide (1.12 g, 3.0 mmol) was added to the reaction mixture, and benzyloxymethyl chloride 
(4.4 ml, 31.7 mmol) was further added to it. This mixture was stirred at room temperature for 3 hours. The reaction mix- 
50 ture was neutralized with water and a saturated aqueous solution of sodium hydrogencarbonate, and it was extracted 
with ethyl acetate. The organic layer was washed with a 1 0% aqueous solution of sodium thiosulfate and with water suc- 
cessively, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The solid residue was 
washed with diisopropyl ether and collected by filtration to give the title compound (6.00 g, yield 86%) as a white pow- 
der. 

55 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

8.50 (1H, br.s), 7.36-7.28 (6H, m), 5.74 (1H, dd, J=7Hz, 2Hz), 5.23 (2H, s), 4.62 (2H, s). 
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Reference Example 4. 1 -Benzyloxymethylquinazoline-2,4-dione 

[0401] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
quinazoline-2,4-dione, instead of pyrimidine-2,4-dione, to give the title compound (yield 82%) as a white solid. 

5 

1 H-Nuclear magnetic resonance spectrum (270 MHz, DMSO-de) 5 ppm : 

11.63 (1H, s), 8.00 (1H, dd, J=8Hz, 2Hz), 777 (1H, dt, J=8Hz, 2Hz), 7.52 (1H, d, J=8Hz), 7.33-7.26 (6H, m), 5.61 
(2H,s) : 4.62 (2H, s). 

m Reference Example 5. 1-(2-Trimethylsilyl)ethoxymethylquinazoline-2,4-dione 

[0402] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
qunazoline-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chloride, instead of 
benzyloxymethyl chloride, to give the title compound (yield 87%) as a white powder. 

ir> 

1 H Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

£.65 (1 H, br.s), 8.23 (1 H, dd, J=8Hz, 2Hz), 7.72 (1 H, dt, J=8Hz, 2Hz), 7.51 (1 H, d, J=8Hz), 7.32 (1 H, t, J=8Hz), 5.60 
(2H, s), 3.74 (2H, t, J=8Hz), 0.97 (2H, t, J=8Hz), - 0.02 (9H, s). 

:v Reference Example 6. l-Benzyloxymethyl-5-methylpyrimidine-2.4-dione 

[0403] . In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
5-methyipyrimidine-2,4-dtone, instead of pyrimidine-2,4-dione, to give the title compound (yield 98%) as a yellow pow- 
der. 

?r> 

? H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.78 (1H, br.s), 7.33 (5H, s). 7.11 (1H. s), 5.21 (2H, s), 4.62 (2H f s), 1 .19 (3H, s). 

Reference Example 7. 1-Benzyloxymethyl-5 t 6-dimethylpyrimidine-2,4-dione 

30 

[0404] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
5,6-dimethylpyrimidine-2,4-dione, instead of pyrimidine-2.4-dione, to give the title compound (yield 78%) as a white 
powder. 

as ! H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.46 (1H, s), 7.38-7.26 (5H, m), 5.44 (2H, s), 4.65 (2H.S), 2.35 (3H, s), 1.94 (3H, s). 

Reference Example 8. i-Benzyloxymethyl-5-fluoropyrimidine-2,4-dione 

40 [0405] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
5-fluoropyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, to give the title compound (yield 87%) as a white powder. 

1 H -Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 -DMSO-d 6 ) 5 ppm : 
11.60-11.52 (1H, br.s), 7.47 (1H. d, J=6Hz), 7.39-7.27 (5H, m), 5.20 (2H, s), 4.62 (2H, s). 

45 

Reference Example 9. (±)-a-(4-Phenoxybenzensulfonylamino)-7-butyrolactone 

[0406] Triethylamine (20.0 ml, 143.9 mmot) was added to a suspension of a-amino-y-butyrolactone hydrobromide 
(7.28 g, 40.0 mmol) in dichloromethane (80 ml), and then 20 minutes were spent in adding dropwise a solution of 4- 

50 phenoxybenzenesulfonyt chloride (1 1 .0 g, 40.9 mmol) in dichloromethane (40 ml) to the mixture with ice-cooling. After 
this mixture was stirred at room temperature for 2 hours, the solvent of the reaction mixture was evaporated under 
reduced pressure. The residue was acidified with water and hydrochloric acid (1N), and then extracted with ethyl ace- 
tate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure. The residue was purified by chromatography on a silica gel column using hexane/ethyl acetate = 2/1 

55 as the eluant to give the title compound (8.74 g, yield 73%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) o ppm : 

7.88-7.82 (2H. m), 7.46-7.39 (2H, m), 7.26-7.21 (1H, m), 7.10-7.03 (4H. m), 5.18 (1H, br.d, J=3Hz), 4.45 (1H, t, 
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J=9Hz), 4.21 (1H, ddd, J=12Hz f 9Hz, 6Hz), 3.93 (1H, ddd, J=12Hz, 8Hz, 3Hz), 2.80-2.70 (1H. m), 2.37-2.22 (1H, 
m). 

Reference Example 10. l-(2-Trimethylsilyl)ethoxymethylthieno[3,2-d]pyrirnidine-2 > 4-dione 

5 

[0407] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
thieno[3,2-d]pyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsily1)ethoxymethyl chloride, 
instead of benzyloxymethyl chloride, to give the title compound (yield 87%) as a pale yellow powder. 

io 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.62 (1H, br.s), 7.78 (1H, d, J=6Hz), 7.13 (1H, d, J=6Hz), 5.46 (2H, S), 3.67 (2H, t, J=8Hz), 0.93 (2H, t, J=8Hz), - 
0.02 (9H ( s). 

Reference Example 1 1 . 7-Methyl-3-(2-trimethylsilyl)ethoxymethylxanthine 

15 

[0408] In a similar manner to the procedures described in Reference Example 3, reactions were earned out using 
7-methylxanthine, instead of pyrimidine-2,4-dione, and using 2-(trimethylsi!yl)ethoxymethyl chloride, instead of benzy- 
loxymethyl chloride, to give the title compound (yield 69%) as a pale yellow powder. 

20 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCl 3 ) 5 ppm : 

8.09 (1H, br.s), 7.55 (1H, s), 5.51 (2H, s), 3.97 (3H. s), 3.75-3.69 (2H, m), 1.01-0.95 (2H, m), -0.02 (9H, s). 

Reference Example 12. 1-(2-Trimethylsilyl)ethoxymethylpteridin-2,4-dione 

25 [0409] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
pteridin-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chloride, instead of benzy- 
loxymethyl chloride, to give the title compound (yield 53%) as a yellow powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
30 9.01 (1H, br.s), 8.71 (1H, d, J=2Hz), 8.66 (1H, d t J=2Hz), 5.77 (2H, s), 3.80-3.74 (2H, m), 1.02-0.96 (2H, m), 0.01 
(9H, s). 

Reference Example 13. 6-Methyl-1-(2-trimethylsilyl)ethoxymethylpyiimidine-2,4-dione 

35 [0410] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
6-methylpyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsityl)ethoxymethyl chloride, 
instead of benzyloxymethyl chloride, to give the title compound (yield 56%) as a white powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
40 8.70 (1H, br.s), 5.58 (1H, s), 5.28 (2H, s), 3.68-3.62 (2H, m), 2.34 (3H, s), 0.96-0.87 (2H, m), -0.01 (9H. s). 

Reference Example 14. 5-Trifluoromethyl-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

[0411] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
45 5-trifluoromethylpyrirnidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chlo- 
ride, instead of benzyloxymethyl chloride, to give the title compound (yield 76%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCy 8 ppm : 

8.48 (1 H, br.s), 7.81 (1H, s), 5.17 (2H. s), 3.66-3.60 (2H. m). 0.98-0.92 (2H, m), -0.03 (9H. s). 

50 

Reference Example 15. 1 -(2-Trimethylsilyl)ethoxymethyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-dione 

[0412] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimetnylsi- 
55 lyl)ethoxymethyl chloride, instead of benzyloxymethyl chloride, to give the title compound (yield 71%) as a pale yellow 
powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 
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8.38 (1H, br.s). 5.17 (2H, s), 3.67-3.60 (2H, m), 2.97-2.91 (2H. m), 2.76-2.69 (2H, m), 2.18-2.07 (2H, m), 0.96-0.89 
(2H, m), 0.01 (9H,s). 

Reference Example 16. 6,7-Dimethoxy-1-(2-trimethylsilyl)ethoxymetty^ 

5 

[0413] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
6,7-dimethoxyquinazoline-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chloride, 
instead of benzyloxymethyl chloride, to give the title compound (yield 93%) as a white powder. 

to 1 H-Nuclear magnetic resonance spectrum (270 MHz, DNSO-d 6 ) 6 ppm : 

1 1 .52 (1 H, s), 7.48 (1 H, S), 7.03 (1 H, S), 5.62 (2H, s), 4.00 (3H, s), 3.92 (3H, s), 3.73 (2H, t, J=8Hz). 0.98 (2H, t, 
J=8Hz), 0.04 (9H, s). 

Reference Example 17. 6-Chloro-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

t5 

[0414] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
6-chloropyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chloride, instead 
of benzyloxymethyl chloride, to give the title compound (yield 71%) as a white powder. 

20 1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

9.10 (1H, br.s). 5.93 (1H, s), 5.45 (2H, s), 3.68 (2H, t. J=8Hz), 0.96 (2H, t, J=8Hz), 0.01 (9H, s). 

Reference Example 1 8. 6-TrifluoromethyM -(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

25 [041 5] In a similar manner to the procedures described in Reference Example 3, reactions were carried out using 
6-trifluoromethylpyrimidine-2,4-dione, instead of pyrimidine-2,4-dione, and using 2-(trimethylsilyl)ethoxymethyl chlo- 
ride, instead of benzyloxymethyl chloride, to give the title compound (yield 48%) as a colorless oil. 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 
30 8.84 (1H, br.s), 6.24 (1H, d, J=2Hz), 5.32 (2H, s), 3.73-3.68 (2H, m), 0.97-0.90 (2H, m), 0.01 (9H, s). 

Reference Example 19. 6-Phenyl-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

[041 6] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

35 

white powder 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.28 (1H, br.s), 7.55-7.45 (5H, m), 5.66 (1H, d. J=2Hz), 5.00 (2H, s), 3.61-3.55 (2H, m), 0.94-0.87 (2H, m), -0.01 
(9H, s). 

AO 

Reference Example 20. 6-Ethyl-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

[0417] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

45 white powder 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.80-8.74 (1H, br.s), 5.60 (1H, s), 5.29 (2H, s), 3.64 (2H, t, J=8Hz), 2.67 (2H, q, J=7Hz), 1.22 (3H, t, J=7Hz), 0.90 
(2H, t, J=8Hz), 0.01 (9H, s). 

so Reference Example 2 1 . 5-Methyl-1 -(2-trimethylsilyl)ethoxymethylthieno[2,3-d)pyrimidine-2.4-dione 

[0418] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

white powder 

55 1 H-Nu clear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.46 (1H. br.s), 6.54 (1H, d, J=1Hz), 5.43 (2H, s), 3.71-3.65 (2H, m), 2.51 (3H, d, J=1 Hz), 1.00-0.94 (2H, m), 0.01 
(9H,s). 
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Reference Example 22. 1 -(2-Trimethylsilyl)ethoxy^ 

[041 9] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 
5 white powder 

1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 5ppm : 8.96 (1H, br.s), 8.73 (1H, dd, J=5Hz, 2Hz), 
8.47 (1H, dd, J=8Hz, 2Hz), 7.37 (1H, dd, J=8Hz, 5Hz), 5.80 (2H, s), 3.81-3.74 (2H, m), 1.03-0.96 (2H, m), -0.02 
(9H. s). 

n» Reference Example 23. 1-(2-Trimethylsilyl)ethoxymethylthieno[3,4-d]pyrimidine-2,4-dione 

[0420] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 
white powder 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 0 ppm : 8.30 (1H, d, J=3Hz). 8.10 (1 H, br.s), 6.96 (1 H, 
d. J=3Hz), 5.46 (2H, s), 3.72-3.65 (2H, m), 1 .01-0.94(2H, m), -0.02 (9H t s). 

Reference Example 24. 7-Methyl-1-(2-trimethylsiIyl)ethoxymethylthieno[3,2-d]pyrimidine-2,4-dione 

;•>» [0421 ] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

white powder 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

8.71 (1H. br.s). 7.42 (1H. s). 5.62 (2H. br.s), 3.79-3.73 (3H. m). 2.60 (3H, s). 1.01-0.95 (2H. m), -0.02 (9H.s). 
Reference Example 25. 5*Fluoro-6-methyl-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

[0422] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

30 white powder 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

8.34-8.21 (1 H, br.s), 5.29 (2H, s), 3.66 (2H, t), 2.38 (3H, d, J=4Hz), 0.94 (2H, t, J=8Hz), 0.01 (9H, s). 
Reference Example 26. 5-Chloro-1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

35 

[0423] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 
white powder 

'H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 0 ppm : 
40 8.48 (1 H, br.s), 7.54 (1H, s). 5.14 (2H, s), 3.67-3.60 (2H, m), 0.99-0.92 (2H, m), 0.03 (9H, s). 

Reference Example 27. 6- Acetyl -1-(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dio'ne 

[0424] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 

45 

white powder 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 8 ppm : 

8.49 (1H, br.s), 5.90 (1H. d, J=2Hz), 5.35 (2H. s), 3.53-3.47 (2H, m), 2.51 (3H, s), 0.91-0.85 (2H, m), 0.00 (9H, s). 
50 Reference Example 28. 6-Ethoxycart>onyl-1 -(2-trimethylsilyl)ethoxymethylpyrimidine-2,4-dione 

[0425] The title compound was prepared in a similar manner to the procedures described in Reference Example 5. 
colorless oil 

55 1 H-Nuclear magnetic resonance spectrum (270 MHz, CDCI 3 ) 5 ppm : 

8.72 (1H, br.s), 6.1 1 (1H, d, J=2Hz), 5.52 (2H, s), 4.39 (2H, q, J=7Hz), 3.55-3.48 (2H, m), 1.38 (3H, t, J=7Hz), 0.91- 
0.85 (2H, m), -0.01 (9H, s). 
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Reference Example 29. 1-Methyl-6-trifluoromethylpyrimidine-2,4-dione 

[0426] A solution of pyrimidine-2,4-dione (1 58 mg, 0.88 mmol) in anhydrous tetrahydrof uran (1 ml) was added drop- 
wise to a suspension of potassium tert-butoxide (99 mg, 0.88 mmol) in tetrahydrof uran (2 ml) with ice-cooling, and the 

5 mixture was stirred at room temperature for 1 hour. Methyl trifloromethanesulfonate (100 \i\ t 0.88 mmol) was added 
dropwise to the reaction mixture with ice-cooling. This mixture was stirred at the same temperature for 12 hours. The 
reaction mixture was poured into 1 N hydrochloric acid, and then this was extracted with ethyl acetate. The organic layer 
was dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by chro- 
matography on a silica gel column using hexane/ethyl acetate = 8/2 as the eluant to give the title compound (105 mg, 

w yield 62%) as a white powder. 

^-Nuclear magnetic resonance spectrum (270 MHz, CDCI3) 6 ppm : 
8.58 (1H, br.s), 6.21 (1H, br.s), 3.50 <3H. q, J=1Hz). 

15 Reference example 30. (±)-2-(1,1-Dimethyl-2-phthalimidoethyl)glycine benzyl ester hydrochloride 

[0427] After potassium phthalimide (3.71 g, 21 .1 mmol) was added to a solution of DL-pantolactone (2.61 g, 20.1 
mmol) in N,N-dimethylformamide (40 ml), the mixture was stirred at 150°C for 16 hours. After cooling the reaction mix- 
ture to room temperature, benzyl bromide (2.6 ml, 21 .9 mmol) and potassium carbonate (3.0 g, 21 .6 mmol) were further 
20 added to it and this was stirred for 2 hours. To the reaction mixture, water was added and then this was extracted with 
ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by chromatography on a silica gel column using hexane/ethyl acetate 
= 3/1 as the eluant to give (±)-2-hydroxy-3,3-dimethylphthalimidobutanoic acid benzyl ester (3.27 g, yield 42%) as a 
colorless oil. 

25 [0428] 2.00 g (5.44 mmol) of the product were dissolved in dichloromethane (7.5 ml), and pyridine (554 |xl. 6.85 
mmol) was added to it. After the mixture was cooled to -78°C, trifluoromethanesulfonic acid anhydride (962 uJ, 5.72 
mmol) was added and this was stirred at -78°C for 20 minutes and then stirred at room temperature for 1 hour. 
[0429] The reaction mixture was concentrated under reduced pressure and diethyl ether was added to the residue. 
The insoluble material was removed by filtration and the filtrate was concentrated under reduced pressure. The result- 

30 ing residue was dissolved in N.N-dimethylformamide (30 ml) and sodium azide (707 mg, 1 0.9 mmol) was added to the 
solution. After the mixture was stirred at 50°C for 4 hours, water was added to the reaction mixture and then this was 
extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure to afford (±)-2-azido-3,3-dimethyl-4-phthalimidobutanoic acid benzyl ester as a 
pale yellow oil (this product was used in the next reaction without further purification). 

35 

^-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

7.89-7.85 (2H, m), 7.78-7.73 (2H, m), 7.41-7.33 (5H, m), 5.25 (2H, s), 4.00 (1 H, s), 3.81 (1H, d, J=15Hz), 3.65 (1 H, 
d, J=15Hz), 1.07 (3H, s), 0.97 (3H, s). 

40 [0430] The thus obtained azide compound (whole amount) was dissolved in methanol (22 ml), a solution of hydro- 
gen chloride in dioxane (4N, 1.63 ml, 6.53 mmol) was added to the solution, platinum oxide (38 mg, 0.17 mmol) was 
added to the mixture, and this was stirred under a hydrogen atmosphere at room temperature for 1 0 hours. The reaction 
mixture was filtered and the filtrate was concentrated under reduced pressure to give the title compound (620 mg, yield 
28%) as a white powder. Mass spectrum (El) m/z : 366 [M + ). 

45 

Reference Example 31 . (±)-a-[N-Cyclopropyl-N-(4-phenoxybenzenesulfonyl)amino]-Y-butyrolactone 

[0431] After potassium carbonate (18.24 g, 132.0 mmol) was added to a solution of cyclopropylamine (5.50 ml, 
80.0 mmol) and (±)-rt-bromo-y-butyro lactone (3.32 ml, 42.0 mmol) in acetonitrile (80 ml), the mixture was stirred at 
50 room temperature for 8 hours. To the reaction mixture, water was added and then this was extracted with ethyl acetate. 
The organic layer was washed with water, dried over anhydrous sodium sulfate and concentrated under reduced pres- 
sure. The residue was purified by chromatography on a silica gel column using hexane/ethyl acetate = 1/1 as the eluant 
to give (±)-a-cyclopropylamino-*y-butyrolactone (4.10 g, yield 73%) as a yellow oil. 

55 ^-Nuclear magnetic resonance spectrum (400 MHz, CDCI3) 5 ppm : 

4.41 (1H, dd, J=16Hz, 10Hz), 4.27-4.18 (1H, m), 3.69 (1H, t, J=9Hz), 2.60-2.52 (1H, m), 2.29-2.24 (1H, m), 0.51- 
0.46 (2H, m), 0.44-0.36 (2H, m). 
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[0432] 4.1 0 g (29.0 mmol) of the product was dissolved in dichloromethane (60 ml), 4-phenoxybenzensulfonyl chlo- 
ride (9.35 g, 34.8 mmol) and triethylamine (5.04 ml, 36.3 mmol) were added to the solution, and the mixture was stirred 
at room temperature for 60 hours. To the reaction mixture, 1 N hydrochloric acid was added and then this was extracted 
with ethyl acetate. The organic layer was washed with water, dried over anhydrous sodium sulfate and concentrated 
5 under reduced pressure. The residue was purified by chromatography on a silica gel column using hexane/ethyl acetate 
= 4/1 as the eluant to give the title compound (8.54 g, yield 79%) as a white powder. 

1 H-Nuclear magnetic resonance spectrum (400 MHz, CDCI 3 ) 5 ppm : 

7.97 (2H, dt, J=9Hz, 3HZ), 7.41 (2H, t, J=8Hz), 7.25 (1H, t, J=8Hz), 7.09 (2H, d, J=8Hz), 7.05 (2H, dt, J=9Hz, 3Hz), 
w 4.80 (1H, dd, J=13Hz, 11Hz), 4.52 (1H, t, J=9Hz), 4.29 (1H, dd, J=16Hz, 9Hz), 2.78-2.67 (1H, m), 2.58-2.51 (1H, 
m), 2.48-2.41 (1H, m), 0.83-0.76 (1H, m), 0.74-0.69 (2H, m), 0.69-0.62 (1H, m). 

[Formulation Example] 

is Formulation Example 1: Powder 

[0433] 5 g of the compound of Example 72, 895 g of lactose and 100 g of cornstarch were mixed in a blender to 
obtain a powder. 

20 Formulation Example 2: Granules 

[0434] After mixing 5 g of the compound of Example 72, 865 g of lactose and 100 g of low-substituted hydroxypro- 
pylcellulose ; 300 g of a 10% aqueous solution of hydroxypropylcellulose were added, followed by kneading. This mix- 
ture was formed into granules using an extrusion granulating machine, followed by drying to obtain granules. 

25 

Formulation Example 3: Tablets 

[0435] After mixing 5 g of the compound of Example 72, 90 g of lactose, 34 g of cornstarch, 20 g of crystaline cel- 
lulose and 1 g of magnesium stearate in a blender, the mixture was formed into tablets with a tableting machine to 
30 obtain tablets. 

[Test Example] 

Test Example 1: MMP-13 Inhibition Test (in vitro) 

35 

[0436] MMP-13 exists in chondrocytes and chondrosarcoma cells, and the DNA sequence corresponding to the 
amino acid sequence of its precursor (proMMP-13) has been reported by Freije et al. (Freije, J.M.P., et al., J. Biol. 
Chem., vol. 269, 16766-16773, 1994). Therefore, proMMP-l3can be expressed by acquiring cDNA of proMMP-13 from 
chondrocytes and chondrosarcoma cells in accordance with conventional methods, by incorporating this into an ordi- 
40 narily used vector, and by introducing this vector into suitable cells to transform the cells. 

[0437] An MMP-13 inhibition test can be conducted by, for example, treating recombinant proMMP-13 obtained in 
the above manner with p-aminophenyl-mercuric(ll) acetate (APMA) to convert proMMP-13 to active MMP-13, and then 
using this as enzyme to measure proMMP-13 activity in the presence or absence of a test compound using a fluores- 
cent substrate. 

45 

(1 ) Expression of Recombinant proMMP-1 3 

[0438] mRNA was isolated from human chondrosarcoma HCS-2/8, which is a chondrosarcoma cell line established 
by Takigawa et al. (Jpn. J. Cancer. Res., vol. 85, 364-371 , 1994), in accordance with conventional methods, and cDNA 

so of proMMP-13 was aquired by reverse transcription polymerase chain reaction (RT-PCR). 5'-gct gagctc atgcatccag- 
gggtcctggctgcc-3' (Sequence No. 1 of the Sequence listing) and 5'-cgac£taccattaccccaaatgctcttcagga-3' (Sequence 
No. 2 of the Sequence listing), which contain the restriction enzyme cleavage site sacl or Kpnl (portions indicated by 
underlining) were used for primers. The amplified cDNA was incorporated into expression vector pcDL-SRa296 (pro- 
vided by Dr. Yutaka Takebe of the National Institute of Health) by coupling at the sites of restriction enzyme cleavage 

55 sites sacl and Kpnl (Takara Shuzo Co., Ltd.) (the resulting vector is referred to as "pSRa-proMMP-1 3"). Simultaneously, 
the amplified cDNA was also incorporated in pUC19 (Takara Shuzo Co., Ltd.) and the amplified cDNA nucleotide 
sequence was confirmed to be identical to the reported sequence (Freije, J.M.P., et al., J. Biol. Chem., vol. 269, 16766- 
16773, 1994). pSRa-proMMP-13 gene was introduced into COS-1 cells grown in Dulbecco's Modified Eagle Medium 
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(DMEM) containing 10% fetal bovine serum by electroporation (Current Protocols in Molecular Biology, 9.3.1, CUR- 
RENT PROTOCOLS). After 1 2 hours, the medium was replaced with DMEM which does not contain fetal bovine serum, 
followed by culturing for 48 hours to express proMMP-13. The resulting culture supernatant was then used as the 
proMMP-1 3 fraction. 

5 

(2) Measurement of MMP-1 3 Activity 

[0439] The proMMP fraction obtained in (1) was treated for 1 hour at 37°C with 1 mM APMA (Sigma) to be con- 
verted to active MMP-13, which was then used as an enzyme solution. In addition, 7-methoxycoumarin-4-yl(MOCAc)- 

io Pro-Leu-Gly-Leu-2,4-cfinrtrophenyl(DPa)-Ala-Arg-NH 2 (Peptide) was used for the substrate. 

[0440] This enzyme solution and substrate (20 u.M) were added to 50 mM Tris-HCl buffer (pH 7.5) containing 0.15 
M sodium chloride, 10 mM calcium chloride, 0.05% Brij 35 and 0.02% sodium azide to bring the final volume to 0.1 ml, 
followed by reacting for 1 hour at 37°C. After stopping the reaction by adding 0.1 ml of 3% acetic acid, enzyme activity 
was determined by measuring with a fluorophotometer (Labsystems Fluoroskan II) at an excitation wavelength of 330 

15 nm and emission wavelength of 390 nm. 

[0441] Inhibition rate was determined according to enzyme activity in the presence and absence of the test com- 
pound followed by calculation of the 50% inhibitory concentration (IC^). 



Table 10 



Test Compound 


ICso (nM) 


Compound of Example 42 


0.47 


Compound of Example 139 


0.43 


Compound of Example 140 


0.32 



[0442] As shown in Table 10 above, the compounds of the present invention exhibited excellent MMP-13 inhibitory 
activity. 

30 

Test Example 2: Aglycanase Inhibition Test (in vitro) 

[0443] An aglycanase inhibition test can be conducted by, for example, measuring aglycanase activity in the pres- 
ence or absence of a test compound according to the method of Nagase et al. (H. Nagase and J.F. Woessner, Analytical 

35 Biochemistry, vol. 107, 385-392, 1980). 

[0444] The enzyme used for measurement of aglycanase activity can be extracted from mammalian cartilage tis- 
sue itself or from its cultured medium. Extraction is performed by combining various types of chromatography, and the 
activity of aglycanase in the purification process can be detected by adding substrate (aglycan) to an eluted fraction and 
testing whether or not the substrate is cleaved. Whether or not the substrate is cleaved can be determined by perform - 

ao ing immunoblotting for the reaction liquid using an antibody that binds to the epitope, CNLeNIEGE, that is produced by 
cleavage of aglycan (substrate) by aglycanase (enzyme). It should be noted that antibody that binds to CNLeNIEGE 
can be prepared according to the method of Sandy et al. (J.D. Sandy et al., Journal of Biological Chemistry, vol. 270, 
2550-2556,1995). 

45 (1) Preparation of Aglycanase 

[0445] Bovine nasal septum cartilage was cultured for 7 days at 37°C in the presence of 1 u.m retinoic acid in 
DMEM [containing 20 mM N-2-hydroxy ethylpiperazine-N'-2-eth an e sulfonic acid (HEPES), 0.005% bovine serum albu- 
min (BSA), 5 ug/ml insulin-transferrin sodium selenite media supplement, 1% penicillin and 1% streptomycin] while 

so changing the medium once a day. The culture liquid collected from day 3 to day 7 was subjected to chromatography 
[carrier: Q-sepharose (Pharmacia), mobile phase: 20 mM Tris-HCl buffer (pH 7.2) containing 5 mM calcium chloride] 
and the fraction that passed through the column was collected. This was then subjected to additional chromatography 
[carrier: Zn-cheiating sepharose (Pharmacia), mobile phase: Tris-HCl buffer (pH 7.2) containing 5 mM calcium chloride 
and 0.5 M sodium chloride], followed by elution using imidazole as the mobile phase. The fraction of the resulting eluted 

55 fractions that was confirmed to have aglycanase activity was collected. Moreover, this was subjected to additional chro- 
matography [carrier: LCA-agarose (Honen Corporation), mobile phase: 20 mM aqueous solution of 2-(N-mor- 
pholino)ethanesulfonic acid (pH 6.5) containing 5 mM calcium chloride and 0.25 M sodium chloride], followed by elution 
using 2-methylmannopyranoside as the mobile phase. The fraction of the resulting eluted fractions that was confirmed 
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to have aglycanase activity was collected, and this fraction was used as the enzyme liquid for measurement of aglyca- 
nase activity. 

[0446] Separate from the above, antibody that binds with CNLeNIEGE was prepared according to the method of 
Sandy et al. (J.D. Sandy et al., Journal of Biological Chemistry, vol. 270, 2550-2556, 1995), and this antibody was used 
5 in immunoblotting to detect aglycanase activity in the above-mentioned purification process of the aglycanase. Immu- 
noblotting was performed in accordance with conventional methods. 

(2) Measurement of Aglycanase Activity 

w [0447] Measurement of activity was performed using a modification of the protease activity measurement method 
that uses polyacrylamide particles of Nagase et al. (H. Nagase and J.F. Woessner, Analytical Biochemistry, vol. 107, 
385-392, 1980). 

[0448] The aglycan used for the substrate was isolated from bovine nasal septum cartilage in accordance with 
cesium chloride sedimentation equilibrium centrifugation (New Biochemical Experimentation Course, 3, Saccharides II, 

is 4-7, Tokyo Kagaku Dojin Publishing, 1991). By using this aglycan, polyacrylamide particles containing aglycan were 
prepared in accordance with the method of Nagase et al. (H. Nagase and J.F. Woessner, Analytical Biochemistry, vol. 
1 07, 385-392, 1 980). Namely, aglycan (dry weight: 480 mg) was first added to 28 ml of liquid A [1 M Tris-HCI buffer (pH 
8.5) containing 0.2% N,N,N',N'-tetramethylethylenedi amine (TEMED)] and the mixture was stirred at 4°C for 1 hour. 
Next, 8 ml of liquid B (aqueous solution containing 3 g of acrylamide and 61 mg of bis-acrylamide in 10 ml) and 12 ml 

20 of liquid C (aqueous solution containing 0.1 1 2 g of ammonium persulfate in 20 ml) were added to this suspension, fol- 
lowed by stirring and allowing to stand for about one hour at room temperature. The polymerized gel was sliced into thin 
sections, followed by homogenizing in cold water to form the gel into particles. After washing these particles with water, 
the particles were dehydrated using acetone and then air-dried to evaporate the acetone. The resulting powder was 
passed through a sieve (mesh size: 420 urn) to remove the large particles. 

25 [0449] The enzyme liquid obtained in (1 ) and the test compound were pipetted into a 96-well plate, and further a 
suspension l[50 mM Tris-HCI buffer (pH 7.2) containing 5 mM calcium chloride and 0.25 M sodium chloride), in which 
the above agtycan-containing polyacrylamide particles were suspended so that the final concentration of the above 
aglycan-containing polyacrylamide particles was 10 mg/ml] was added to make the amount of each reaction liquid to 
be 1 00 ul. After allowing to react at 37°C for 2.5 hours, the reaction was stopped by adding 20 ul of 1 00 mM ethylene- 

30 diamine tetraacetic acid to the reaction liquid. This reaction liquid was then centrifuged (at 4°C and 2500 rpm for 1 0 min- 
utes), 10 pi of supernatant were transferred to a different 96-well plate, and 190 ul of 1 ,9-dimethylmethylene blue 
solution were added, followed immediately by measurement of optical absorbance at 525 nm. Using the resulting meas- 
ured values as indicators of aglycanase activity, inhibition rates were determined from aglycanase activity in the pres- 
ence and absence of the test compounds, followed by calculation of 50% inhibitory concentration (1C 50 ). 

35 



Table 1 1 



Test Compound 


IC50 (nM) 


Compound of Example 6 


7.0 


Compound of Example 1 8 


7.6 


Compound of Example 42 


5.4 


Compound of Example 72 


4.9 


Compound of Example 141 


2.9 


Compound of Example 139 


3.7 


Compound of Example 140 


2.2 



50 

[0450] As shown in Table 1 1 , the compounds of the present invention demonstrated excellent aglycanase inhibitory 
action. 

Test Example 3: Test for Inhibiting Cartilage Tissue Decomposition (in vitro) 

55 

[0451] A test for inhibiting cartilage tissue decomposition can be performed by investigating the action that inhibits 
decomposition of proteoglycan and collagen, which are the two main components of cartilage tissue, and the cartilage 
tissue used in the test can be prepared according to, for example, the method of Ellis et al. (Ellis, A. J. et al., BBRC, 201 , 
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94, 1994). 

[0452) The amount of decomposition of proteoglycan can be determined by measuring the amount of gly- 
cosaminoglycan formed by decomposition of proteoglycan, while the amount of collagen decomposition can be deter- 
mined by measuring the amount of hydroxyproline formed by decomposition of collagen. 

5 

(1) Preparation of Cartilage Tissue 

[0453] Bovine nasal septum cartilage was sampled according to the method of Ellis et al. (Ellis, A.J. et al., BBRC, 
201 . 94, 1994), followed by immersing this in ice-cooled Leibovitz's L-15 medium (Gibco BRL) containing 500 pg/ml of 

to gentamycin and 100 ug/ml of Chloromycetin to remove connective tissue and other tissue and to obtain cartilage only. 
The following procedure was performed on a clean bench. The resulting cartilage was sliced in sections having a thick- 
ness of 2 mm to prepare cartilage pieces (2 mm x 2 mm). After washing these twice with Hank's Balanced Salt Solution 
(HBSS), the cartilage pieces were cultured in a 24-well plate. At this time, 600 ul of medium I [DM EM medium contain- 
ing 25 mM HEPES, 0.05% BSA, 2 mM glutamine, 100 ug/ml of streptomycin, 100 U/ml of penicillin and 2.5 ug/ml of 

t5 amphotericin] and three pieces of cartilage were added to each well, and then this was cultured at 37°C for 24 hours. 
The resulting culture was used in the following test. 

(2) Proteoglycan Decomposition Inhibitory Action 

20 a) Proteoglycan Decomposition Reaction 

[0454] The cartilage pieces obtained in (1) were cultured at 37°C for 7 days in 600 ul of medium I and in the pres- 
ence of 1 uM retinoic acid. At this time, dimethyl sulfoxide or a dimethyl sulfoxide solution of the test compound was 
added simultaneous to the addition of retinoic acid at 1/1000 volume of the medium. After culturing, the medium was 
25 collected and the amount of glycosaminoglycan in the medium was measured as an indicator of the amount of decom- 
position of proteoglycan. 

b) Measurement of Glycosaminoglycan 

30 [0455] Measurement of glycosaminoglycan was performed according to the dimethylmethylene blue pigment bond- 
ing method. Namely, 250 u I of pigment reagent (aqueous solution containing 1 6 mg of 1 ,9-dimethylmethylene blue, 3.04 
g of glycine, 2.37 g of sodium chloride and 95 ml of 0.1 M hydrogen chloride in 1 liter, pH 3.0) was added to 10 uJ of 
collected medium, followed immediately by measurement of optical absorbance at 525 nm to determine the amount of 
proteoglycan. At this time, chondroitin sulfate A (Sigma, 5 to 180 ng/ml) (from porcine rib cartilage) was used as the 

35 reference sample. 

[0456] The proteoglycan decomposition inhibitory action of the test compound was determined from the ratio of the 
amount of proteoglycan of the test compound addition group to the amount of proteoglycan of the dimethyl sulfoxide 
addition group. 

40 (3) Collagen Decomposition Inhibitory Action 

(a) Collagen Decomposition Reaction 

[0457] The cartilage pieces obtained in (1) were cultured at 37°C for 7 days in 600 u.l of medium I and in the pres- 
45 ence of 10 ng/ml of lnterleukin-1a (IL-1a, Genzyme) and 50 ng/ml of Oncostatin M (Genzyme). At this time, dimethyl 
sulfoxide or a dimethyl sulfoxide solution of the test compound was added simultaneously with addition of IL-1a and 
Oncostatin M at 1/1000 volume of the medium. After the culturing, the culture liquid was collected and culturing was 
repeated three times under the same conditions (for a total of 4 weeks of culturing). All of the collected culture liquids 
were combined and the amount of hydroxyproline in the culture liquid was measured as an indicator of the amount of 
so decomposition of collagen. 

b) Measurement of Hydroxyproline 

[0458] 1 00 ul of culture liquid collected in (3)-a) above was transferred to a round-bottom screw-top centrifuge tube, 
55 followed by the addition of 1 00 uJ of 1 2 N hydrochloric acid and by hydrolyzing at 1 05°C for 1 6 hours (Heating Block HF- 
61, Yamato Science, Ltd.). 100 ul of this reaction liquid was then transferred to a disposable glass tube and dried with 
a centrifugal evaporator. 500 \i\ of a mixture of isopropanol and water (1:1) was added to this disposable glass tube to 
dissolve the dry solid. Moreover, 250 ul of Chloramine-T reagent [consisting of a mixture of 0.141 g of Chloramine-T (p- 
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toluenesulfonytehloramine, Sigma), 2 ml of water, 3 ml of methyl cellosolve and acetate-citrate buffer (said acetate-cit- 
rate buffer comprising an aqueous solution containing 7:5 g of citric acid monohydrate, 6 ml of glacial acetic acid, and 
60 g of sodium acetate tri hydrate in 500 ml, pH 6.0)] were added, followed by stirring and allowing to stand at room tem- 
perature for 20 minutes. Moreover, after adding 250 uJ of 3.15 M perchloric acid, stirring and allowing to stand at room 

5 temperature for 5 minutes, 250 u I of 20% dimethylaminobenzaldehyde (Sigma) in methyl cellosolve solution was added, 
stirred and allowed to react at 60°C for 20 minutes. Next, the reaction liquid was cooled to room temperature for 5 min- 
utes and transferred to a microplate in a portion of 200 uJ, followed by measurement of optical absorbance at 557 nm. 
[0459] Separate from the above, L-hydroxyproline (Sigma) was dissolved in an isopropanol-water (1:1) mixture and 
500 u) of the resulting solution was transferred to a disposable glass tube to prepare a standard line. (At this time, the 

w solution was prepared so that the amount of L-hydroxyproline in the tube was within the range of 0.05 pg to 2 ug). 250 
ul of the above Chloramine-T reagent was added to this solution after which the procedure was performed in the same 
manner as above to prepare the standard line by measuring optical absorbance at 557 nm. 

[0460] The collagen decomposition inhibitory action of the test compound was determined from the ratio of the 
amount of hy droxyproline of the test compound addition group to the amount of hydroxyproline of the dimethyl sulfoxide 
15 addition group. 

[0461] In this test, the compounds of the present invention demonstrated excellent cartilage tissue decomposition 
inhibitory activity. 

Test Example 4: MMP-1 3 Inhibition Test of Orally Administered Test Compound (ex vivo) 

20 

[0462] An MMP-1 3 inhibition test was conducted according to the procedures described in Test Example 1 above 
on a solution obtained by removing the protein from blood sampled at fixed times after oral administration of test com- 
pound as an indicator of oral absorptivity and hemodynamics. 

[0463] Namely, the test compound was suspended in 0.5% tragacanth and the suspension was administered orally 
25 at 5 ml/kg to rats (Wister-lmamichi: age 5 to 6 weeks) which had been fasted overnight. Blood was collected from the 
caudal vein in the presence of heparin at fixed time (1 ,2 or 4 hours) alter administration. This blood was transferred to 
an Eppendorf tube and centrif uged at 1 2,000 rpm for 3 minutes. The plasma was transferred to a different tube, followed 
by the addition of an equal volume of acetonitrile and by allowing to stand undisturbed at4°C for 10 minutes. This was 
then centrif uged at 12,000 rpm for 3 minutes, followed by collection of the supernatant. This supernatant was concen- 
30 trated and dried with a centrifugal evaporator after which a small amount of dimethyl sulfoxide was added to dissolve. 
MMP-1 3 activity was then measured according to the part (2) of the above Test Example 1 in the presence of the result- 
ing solution. 

[0464] The same procedure was performed on blood sampled from the caudal vein of animals to which no drug was 
administered, and this was used as the control. 
35 [0465] Inhibition rate was calculated from the MMP-1 3 activities of the control and drug administration groups. 
[0466] In this test, the compounds of the present invention demonstrated excellent oral absorptivity and hemody- 
namics. 

Test Example 5: Naturally-occurring Osteoarthritis (OA) Inhibition Test (in vivo) 

40 

[0467] This test can be conducted according to the method of Bendele et al. (Bendele, A.M. and Hulman, J.F., 
Arthritis and Rheumatism, vol. 31, 561-563, 1998). 

(1) Preparation of a Naturally -occurring Model of OA and Drug Administration 

45 

[0468] Six-weeks-old male guinea pigs purchased from Japan Charles River were given free access to food and 
water and two animals were raised in each cage. After continuing to raise the animals until age of 6 months, the animals 
were divided into three groups (of six animals each) so that the mean body weights of each group were nearly equal. 
[0469] One group was immediately put to euthanasia, followed by excision of the knee joins, which were then used 
so for pathologic tissue study. One of the remaining two groups was designated as the drug administration group and the 
other as a control group. Animals of the control group were given ordinary guinea pig solid laboratory diet, while animals 
of the drug administration group were given guinea pig solid laboratory diet containing the test compound. The animals 
were raised under these conditions until age of 12 months. Next, all of the animals were killed euthanasically, the knee 
joints were excised and used for pathologic tissue study. 

55 

(2) Pathologic Tissue Study 

[0470] After removing soft tissue including the tendons of the patella, while leaving the joint capsule, the left and 
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right knee joints were immersed for 24 hours in a 10% formalin/phosphate buffer solution (PBS), followed by decalcify- 
ing for 2 weeks using the Surgi Path Decalcifier i (Surgi Path Medical Industries). The knee joints were divided into ante- 
rior and posterior portions and additionally decalcified for one or two days. 

[0471 ] After embedding the thus obtained joint tissue in paraffin, thin sections for hematoxylin -eosin staining (thick- 
5 ness: 6 pm) and toluidine staining (thickness: 8 urn) were prepared from the joint tissue. Sections were also prepared 
every 150 to 200 urn to allow observation of the entire joint surface (total of 6 sections). The left and right joints of all 
animals in each group were observed from the viewpoint of pathological tissues in a blind test and assigned an OA 
onset score based on the following standards. 

[0472] A score of 0 was given when changes in the medial tibeal plateau and femoral condoyl were observed in the 
10 absence of lesions. A score of 1 was given when chondrocyte disturbances, decreases or other small foci were 
observed in the surface layer of the joint cartilage and decreased toluidine blue staining and splitting of the surface layer 
were observed in the matrix. A score of 2 was given when foci similar to "1" were observed in the upper layer of the 
cartilage intermediate layer as well. A score of 3 was given when foci generally covered the cartilage surface layer and 
had also spread to the lower layer of the intermediate layer. A score of 4 was given when definite disturbances (disap- 
15 pearance of chondrocytes and proteoglycan) had reached the deep layer but had not reached the tidemark. A score of 
5 was given when disturbances covered the entire cartilage and had reached the tidemark. 

[0473] The total score of the left and right knee joints was averaged for each group, and inhibition rate was calcu- 
lated for the drug administration group versus the control group. 

[0474] In this test, the compounds of the present invention demonstrated excellent inhibitory action on the onset of 
20 OA. 

[0475] It should be noted that inhibitory action on osteoarthritis can also be evaluated by preparing an arthritis ani- 
mal model according to the method of Colombo et at. (Colombo et al. Arthritis and Rheumatism, vol. 26, No. 7 (July 
1983), 875-886), by administering the compound of the present invention to those animals, and by performing evalua- 
tion according to the method of Toshiyuki Kikuchi et al. (Toshiyuki Kikuchi et al., Osteoarthritis and Cartilage (1996) 4, 
25 99-110). 

[Industrial applicability] 

[0476] Since the compounds of the present invention strongly inhibit both MMP-13 and aglycanase, they are useful 
30 as a preventive or therapeutic agent for arthritis (and particularly osteoarthritis), and as a medicament for inhibiting the 
metastasis, invasion or growth of cancer (and particularly breast cancer). 
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SEQUENCE LISTING 

5 

<!10>SankyoCo.,Ltd. 

10 

<120> Sulfonamide Derivatives 
, 5 <130>EPP80992 

<140> 

20 <I41> 

<150>JPHEI 10-91819 
25 <151> 1998-04-03 

<150>JPHEI 11-53164 
30 <151> 1999-03-01 

<160>2 

35 

<170>PatentIn Ver. 2.0 

40 

<210>1 
<2U>33 
<212> DNA 

45 

<213> Artificial Sequence 
so <220> 
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<223> Description of Artificial Sequence: PCR primer to 
amplify a cDN A encoding human pro-MMP 1 3 

<400>1 

gctgagctca tgcatccagg ggtcctggct gcc 33 

<210>2 
<211> 32 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PCR primer to 
amplify a cDNA encoding human pro-MMP13 

<400>2 

cgaggtacca ttaccccaaa tgctcttcag ga 32 



05 



Claims 

40 1. A compound of the following formula (I) or a pharmacologically acceptable salt, ester or other derivative thereof: 

W 

45 R 5 -0-R 4 -S0 2 -N-( (I) 

R 3 R 



so {wherein 

R 1 represents a hydroxyl group or a hydroxyamino group; 

R 2 represents a hydrogen atom, a lower alkyl group, a lower alkyl group substituted with at least one group 
selected from Substituent group a, a cycloalkyl group having from 3 to 7 carbon atoms or a group of the for- 
55 mula: -A-R 6 

[wherein 

A represents a lower alkylene group or a lower alkylene group interrupted by an oxygen atom, -S(0) m - or - 
N(R 9 )-; 
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R 6 represents a group of the following formula (II), (III) or (IV): 



10 



O^X^R 8 . Y ^R 8 or S 
(II) (I") (IV) 



(wherein 

15 X represents an oxygen atom, a sulfur atom, -N(R 10 )- or -CfR 1 'MR 12 ); 

Y represents an oxygen atom, a carbonyl group, -S(0) n -, -N(R 10 )- or -C(R 11 )(R 12 ); 

R 7 and R 8 may be the same or different from each other and each represent a hydrogen atom, a lower alkyl 
group, a carboxyl group, one group selected from Substituent group a, a lower alkyl group substituted with at 
least one group selected from Substituent group a, a lower alkoxy group substituted with at least one group 

20 selected from Substituent group a, a lower alkylthio group substituted with at least one group selected from 

Substituent group a, a lower alkylsulfinyl group substituted with at least one group selected from Substituent 
group a or a lower alkylsulfonyl group substituted with at least one group selected from Substituent group rx, or 
R 7 and R 8 may form, together with the carbon atom(s) to which they are attached, a non-aromatic hydrocarbon 
ring, a no n -aromatic heterocycle. a non-aromatic hydrocarbon ring substituted with at least one group selected 

25 from Substituent group a and Substituent group p, a non-aromatic heterocycle substituted with at least one 

group selected from Substituent group a and Substituent group (J, an aryl ring, a heteroaryl ring, an aryl ring 
substituted with at least one group selected from Substituent group a and Substituent group (J or a heteroaryl 
ring substituted with at least one group selected from Substituent group a and Substituent group P; and 
R 9 , R 10 , R 11 and R 12 may be the same or different from one another and each represents a hydrogen atom or 

30 a lower alkyl group, and further R 11 and R 12 may form, together with the carbon atom(s) to which they are 

attached, a non-aromatic hydrocarbon ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring sub- 
stituted with at least one group selected from Substituent group a and Substituent group P or a non-aromatic 
heterocycle substituted with at least one group selected from Substituent group a and Substituent group p, 
with the proviso that when R 7 and R 8 are attached to the same carbon atom, R 7 and R 8 do not form, together 

35 with the carbon atom to which they are attached, an aryl ring, a heteroaryl ring, an aryl ring substituted with at 

least one group selected from Substituent group a and Substituent group p or a heteroaryl ring substituted with 
at least one group selected from Substituent group a and Substituent group p, and, m and n may be the same 
or different from each other and each represents 0, 1 or 2], R 3 represents a hydrogen atom, a lower alkyl group, 
a cycloalkyl group having from 3 to 7 carbon atoms, an alkenyl group, an alkynyl group, a lower alkyl group sub- 

40 stituted with at least one group selected from Substituent group a, a cycloalkyl group having from 3 to 7 carbon 

atoms substituted with at least one group selected from Substituent group a and Substituent group [3, an alke- 
nyl group substituted with at least one group selected from Substituent group a or an alkynyl group substituted 
with at least one group selected from Substituent group a; 

R 4 represents an arylene group, a heteroarylene group, an arylene group substituted with at least one group 
45 selected from Substituent group a and Substituent group P or a heteroarylene group substituted with at least 

one group selected from Substituent group a and Substituent group P; and 

R 5 represents a lower alkyl group, a lower alkyl group substituted with at least one group selected from Sub- 
stituent group a, an aryl group, a heteroaryl group, an aryl group substituted with at least one group selected 
from Substituent group a and Substituent group P or a heteroaryl group substituted with at least one group 

so selected from Substituent group a and Substituent group P; 

with the proviso that when R 2 represents a hydrogen atom, a lower alkyl group, a lower alkyl group substituted 
with at least one group selected from Substituent group a or a cycloalkyl group having from 3 to 7 carbon 
atoms, R 3 represents an alkynyl group or an alkynyl group substituted with at least one group selected from 
Substituent group a; 

55 [Substituent group a) 

halogen atoms, cycloalkyl groups having from 3 to 7 carbon atoms, lower alkoxy groups, halogen o lower alkoxy 
groups, lower alkanoyl groups, lower alkylthio groups, halogeno lower alkylthio groups, lower alkylsulfinyl 
groups, lower alkylsulfonyl groups, amino groups, mono-lower alkylamino groups, di-(lower alkyl)amino 
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groups, cyano groups, nitro groups, aryl groups, heteroaryl groups, aryloxy groups, heteroaryloxy groups, 
arylthio groups, heteroarylthio groups, aryl groups substituted with at least one group selected from Substitu- 
ent group y, heteroaryl groups substituted with at least one group selected from Substituent group y, aryloxy 
groups substituted with at least one group selected from Substituent group y, heteroaryloxy groups substituted 
s with at least one group selected from Substituent group y, arylthio groups substituted with at least one group 

selected from Substituent group y, heteroarylthio groups substituted with at least one group selected from Sub- 
stituent group y, 
[Substituent group (3) 

lower alkyl groups, halogeno lower alkyi groups, 
w [Substituent group y] 

halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower alkoxy groups, halogeno lower alkoxy 
groups, lower alkylthio groups, halogeno lower alkylthio groups, nitro groups, cyano groups. 

2. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 , in 
to which R 1 is a hydroxyamino group. 

3. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 or 2, 
in which R 2 is an alkyl group having from 1 to 4 carbon atoms or an alkyl group having from 1 to 4 carbon atoms 
substituted with at least one group selected from Substituent group a. 

20 

4. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 or 2, 
in which R 2 is an alkyl group having from 1 to 4 carbon atoms or an alkyl group having from 1 to 4 carbon atoms 
substituted with at least one group selected from the following Substituent group a 1 ; 

25 [Substituent group a 1 ] 

halogen atoms, cycloalkyl groups having from 3 to 7 carbon atoms, lower alkoxy groups, lower alkylthio groups, 
amino groups, mono-lower alkylamino groups, di-(lower alkyi)amino groups, cyano groups, aryl groups, heter- 
oaryl groups, aryloxy groups, heteroaryloxy groups, arylthio groups, heteroarylthio groups. 

30 5. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 or 2, 
in which is an alkyl group having from 1 to 4 cartoon atoms or an alkyl group having from 1 to 4 carbon atoms 
substituted with at least one group selected from the following Substituent group a 2 

[Substituent group a 2 ] 

35 lower alkoxy groups, lower alkylthio groups, aryl groups, heteroaryl groups, aryloxy groups, heteroaryloxy 

groups, arylthio groups, heteroarylthio groups. 

6. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 or 2, 
in which R 2 is a methyl, ethyl, propyl, isopropyl, 2-methoxyethyl, 2-methylthiophenyl, 3,3,3-trifluoropropyl, benzyl, 

40 2-phenylethyl, benzyl oxymethy I, benzylthiomethyl or 2-thienylthiomethyl group. 

7. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 6, in which A is an alkylene group having from 1 to 4 carbon atoms or a lower alkylene group interrupted 
by an oxygen atom or S(0) m -. 

45 

8. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 6, in which A is a methylene, ethylene, 1,1-dimethylethylene, trimethylene, tetramethylene, - 
CH 2 0(CH 2 ) 2 - or-CH 2 S(CH 2 ) 2 -group. 

so 9. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 6, in which A is a methylene, ethylene or trimethylene group. 

1.0. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 9. wherein R 6 is 

55 
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50 

11. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 10, in which R 3 is a hydrogen atom, a lower alkyl group, a cycloalkyl group having from 3 to 7 carbon 
atoms, an alkenyl group, an alkynyl group, a lower alkyl group substituted with an aryl group, a lower alkyl group 
substituted with a heteroaryl group, an alkenyl group substituted with an aryl group, an alkenyl group substituted 
55 with a heteroaryl group, an alkynyl group substituted with an aryl group or an alkynyl group substituted with a het- 
eroaryl group (here, the "aryl group" and the "heteroaryl group" are unsubstituted or substituted with at least one 
group selected from Substituent group a and Substituent group (5, described below); 
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[Substituent group a] 

halogen atoms, cycloalkyl groups having from 3 to 7 carbon atoms, lower alkoxy groups, halogeno lower alkoxy 
groups, lower alkanoyl groups, lower alkylthio groups, halogeno lower alkylthio groups, lower alkylsulfinyl 
groups, lower alkylsultonyl groups, amino groups, mono-lower alkylamino groups, di-(lower alkyl)amino 

5 groups, cyano groups, nitro groups, aryl groups, heteroaryl groups, aryloxy groups, heteroaryloxy groups, 

arylthio groups, heteroarylthio groups, aryl groups substituted with at least one group selected from Substitu- 
ent group 7, heteroaryl groups substituted with at least one group selected from Substituent group 7, aryloxy 
groups substituted with at least one group selected from Substituent groups heteroaryloxy groups substituted 
with at least one group selected from Substituent group 7, arylthio groups substituted with at least one group 

w selected from Substituent group 7, heteroarylthio groups substituted with at least one group selected from Sub- 

stituent group 7, 
[Substituent group p] 

lower alkyl groups, halogeno lower alkyl groups, 
[Substituent group 7] 

t5 halogen atoms, lower alkyl groups, halogeno lower alkyl groups, lower alkoxy groups, halogeno lower alkoxy 

groups, lower alkylthio groups, halogeno lower alkylthio groups, nitro groups, cyano groups. 

12. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 1 1 , in 
which R 3 is an alkyl group having from 1 to 6 carbon atoms, a cycloalkyl group having from 3 to 7 carbon atoms, 

20 an alkenyl group having from 3 to 6 carbon atoms, an alkynyl group having from 3 to 6 carbon atoms, an alkyl group 
having from 1 to 3 carbon atoms substituted with an aryl group, an alkyl group having from 1 to 3 carbon atoms 
substituted with a heteroaryl group, an alkenyl group having 3 carbon atoms substituted with an aryl group, an alke- 
nyl group having 3 carbon atoms substituted with a heteroaryl group, an alkynyl group having 3 carbon atoms sub- 
stituted with an aryl group or an alkynyl group having 3 carbon atoms substituted with a heteroaryl group. 

25 

13. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to Claim 12, in 
which R 3 is a methyl, ethyl, propyl, cyclopropyl, ally!, 2-butenyl, propargyl, 2-butynyl, benzyl, 2-phenylethyl, 3-phe- 
nylpropyl, 3-(4-chlorophenyl)propyl, 3-phenylpropargyl or3-(4-chlorophenyl)propargyl group. 

30 14, The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 13, in which R 4 is a phenylene, naphthylene orthienylene group. 

15. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 13, in which R 4 is a p-phenylene group. 

35 

16. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 15, in which R 5 is an alkyl group having from 1 to 6 carbon atoms, a halogenoalkyl group having from 
1 to 4 carbon atoms, an aryl group, a heteroaryl group, an aryl group substituted with at least one group selected 
from Substituent group a and Substituent group p or a heteroaryl group substituted with at least one group selected 

40 from Substituent group u and Substituent group p. 

17. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 15, in which R 5 is a methyl, ethyl, propyl, butyl, trifluoromethyl, phenyl, 3-fluorophenyl, 4-fluorophenyl, 
3-chlorophenyl, 4-chlorophenyl, 3-methylphenyl, 4-methylphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-cyano- 

45 phenyl, 4-cyanophenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 3,4-difluorophenyl, 3,4-dichlorophenyl, 3-pyridyl, 4- 
pyridyl, 2-thienyl or 3-thienyl group. 

18. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 17, in which R 7 and R 8 may be the same or different from each other and each represents a hydrogen 

so atom, a nitro group, an amino group, a mono-lower alkylamino group, a di(lower alkyl)amino group, a cyano group, 
a carboxyl group, a halogen atom, an aryl group, a heteroaryl group, a lower alkyl group, a lower alkanoyl group, a 
lower alkyl group substituted with at least one group selected from Substituent group a. a lower alkoxy group sub- 
stituted with at least one group selected from Substituent group a, a lower alkylthio group substituted with at least 
one group selected from Substituent group a, a lower alkylsulfinyl group substituted with at least one group 

55 selected from Substituent group a or a lower alkylsulfonyl group substituted with at least one group selected from 
Substituent group ot, or R 7 and R 8 form, together with the carbon atom(s) to which they are attached, a non-aro- 
matic hydrocarbon ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring substituted with at least one 
group selected from Substituent group a and Substituent group 0, a non-aromatic heterocycle substituted with at 
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least one group selected from Substituent group a and Substituent group (3, an aryl ring, a heteroaryl ring, an aryl 
ring substituted with it least one group selected from Substituent group a and Substituent group (J or a heteroaryl 
ring substituted with at least one group selected from Substituent group a and Substituent group p. 



19. The compound or a pharmacologically acceptable salt, ester or other derivative thereof according to any one of 
Claims 1 to 17, in which R 7 and R 8 may be the same or different from each other and each represents a hydrogen 
atom, a nitro group, a cyano group, a carboxyl group, a halogen atom, an aryl group, a heteroaryl group, a lower 
alky! group, a lower alkanoyl group or a lower alkyl group substituted with at least one group selected from Substit- 
uent group a, or R 7 and R 8 form, together with the carbon atom(s) to which they are attached, a non-aromatic 
hydrocarbon ring, a non-aromatic heterocycle, a non-aromatic hydrocarbon ring substituted with at least one group 
selected from Substituent group a and Substituent group p, a non-aromatic heterocycle substituted with at least 
one group selected from Substituent group a and Substituent group p, an aryl ring, a heteroaryl ring, an aryl ring 
substituted with at least one group selected from Substituent group a and Substituent group p or a heteroaryl ring 
substituted with at least one group selected from Substituent group a and Substituent group p. 

20. The compound according to Claim 1 , selected from the following compounds, or a pharmacologically acceptable 
salt, ester or other derivative thereof: 



(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-(2-phthalimidoethyl)glycinamide, 
(±)-N-hydroxy-Na-methyl-N«-(4-phe 

(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(quinazolin-2,4-dione-3-yl)ethyl]glycinamide, 

(±)-2-[2-(5-fluoropyrimidin-2,4-dione-3-y0^^ 

mide, 

(±)-N-hydroxy-Na-methyl-No:-(4-phenoxybenzenesulfonyl)-2-[2-(thieno[3,2-d]pyrimidin-2.4-dione-3- 
yl)ethyl]glycinamide, 

(±)-N-hydroxy-Na-methyl-2-[2-(7-methylxanthin-1-yl)ethyl]-Na-(4-phenoxybenzenesulfonyl)glycinami 
(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-pteridin-2,4-dione'3-yl)ethyl]gfycinamide, 
(±)-2-[2-(l , 1 -dioxo-1 ,2-benzisothiazol-3-one-2-yl)ethyl]-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfo- 
nyl)glycinamide, 

(±)-N-hydroxy-Na<riethy!-2-[2-(6-met 
namide, 

(±)-N-hydroxy-Na^ethyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(5-trifluoromethylpyrimidin-2,4-dione-3- 
yl)ethyl)g!ycinamide, 

N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2(R)-(2-phthalimidoethyl)glycinamide, 
(±)-Na-[4-(4-fluorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-(2-phthalimidoethyl)glycin 
(±)-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulforiyl)glyd- 
namide, 

(±)-N-hydroxy-Na-methyl-Na-(4-phenoxybenzenesulfonyl)-2-[2-(6-trifluoromethylpyrimidin-2,4-dione-3- 
yl)ethyl]gfycinamide, 

(±)-N-hydroxy-N(x-methyl-N(x-t4-(pyridin^-yl)oxybenzenesulfonyI]-2-[2-thieno[3,2-c^yrimidin-2,4-dione-3- 

yl)ethyl)glycinamide, 

(±)-2-[2-(6-chloroO-methylpyrim^ 

nyl)glycinamide, 

(±)-Na-[4-(4-chlorophenoxy)benzenesulfonyH 
methylglycinamide, 

(±)-2-[2-(6-chloropyrimitfn-2,4-dione-3-yl)ethyl-Na-[4-(4-fluorophenoxy)benzenesulfonyl]-N-hydroxy-Na- 
methylglycinamide, 

(±)-Na-[4-(4K:hlorophenoxy)benzenesulfonyl]-N-hydroxy-Na-methyl-2-[2-(6-trifluoromethylpyrim 

dione-3-yl)ethyl)glycinamide, 

(±)-Na-[4-(4-fluorophenoxy)benzenesulfonyl]-N^ 

3-yl)ethyl]glycinamide, 

(±)-Na-[4-(3xhlorophenoxy)benzenesulfo^ 

dione-3-yl)ethyl]glycinamide, 

(±)-Na-[4-(3-chlorophenoxy)benzenesulfonyl}^ 

methylglycinamide, 

(±)-2-[2-(6-chloropyrimidin-2,4-dione-3-yl)ethyl]-Na-ethyl-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)glycina- 
mide, 

(±)-2-[2-(6-chloropyrimidn-2,4-dione-3-^ 
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methylglycinamide, 

(±)-2-[2-(6-chloropyrimidin-2,4-dione-3^ 
nyljglycin amide, 

(±)-Na-[4-(3-fluorophenoxy)benzenesulfonyl]-N-hyd 
5 3-yl)ethyl]glycinamide, 

(±)-N-rydroxy-Na^ethyl4\Ia-[4-(pyri^^ 
3-yl)ethyl]glycinamide, 

(±)-Nra-ethyl-N-hydroxy-Na-(4-phenoxybenzenesulfonyl)^ 
yl)ethyl]glycin amide, 
70 (±)-N-hydroxy-N«-methyl-2-[2-(1 ^ 

nesulfonyl)glycinamide, 
(±)-2-[2-(5-chloropyrimidin-2,4-dione-3-yl^ 
namide, 

Na-[4-(3-chlorophenoxy)benzenesutfo^ 
is mide, 

Na-[4-(3-chlorophenoxy)benzenesulfonyl]-N-hydro^ 
yl)ethyl]glycinamide, and 

Na-[4-(3-chlorophenoxy)benzenesulfony1]-N-hydroxy-Na-^ 

20 21 . A medicament containing the compound described in any one of Claims 1 to 20 or a pharmacologically acceptable 
salt, ester or other derivative thereof as an active ingredient. 

22. The medicament described in Claim 21 for the prevention or treatment of arthritis. 

25 23. The medicament described in Claim 21 for inhibiting metastasis, invasion or growth of cancer. 

24. A method for preventing or treating arthritis, comprising administering the compound or a pharmacologically 
acceptable salt, ester or other derivative thereof described in any one of Claims 1 to 20. 

30 25. A method for inhibiting metastasis, invasion or growth of cancer, comprising administering the compound or a phar- 
macologically acceptable salt, ester or other derivative thereof described in any one of Claims 1 to 20. 

26. A use of the compound or a pharmacologically acceptable salt, ester or other derivative thereof described in any 
one of Claims 1 to 20 for manufacturing a medicament for the prevention or treatment of arthritis. 

35 

27. A use of the compound or a pharmacologically acceptable salt, ester or other derivative thereof described in any 
one of Claims 1 to 20 for manufacturing a medicament for inhibiting metastasis, invasion or growth of cancer. 
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